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Search for dilepton resonances in pp collisions at ^/s = 7 TeV with the ATLAS detector 



The ATLAS CoUaboration 



O 

o 

Q 

00 



X ■ 

I 

Oh 

^ . 



> 

00 
00 

o 



X 



This Letter reports on a search for narrow high-mass resonances decaying into dilepton final 
states. The data were recorded by the ATLAS experiment in pp collisions at -^s = 7 TeV at the 
Large Hadron Collider (LHC) and correspond to a total integrated luminosity of 1.08 (1.21) fb~^ in 
the e^e~ channel. No statistically significant excess above the Standard Model expectation 

is observed and upper limits are set at the 95% C.L. on the cross section times branching fraction of 
Z' resonances and Randall-Sundrum gravitons decaying into dileptons as a function of the resonance 
mass. A lower mass limit of 1.83 TeV on the Sequential Standard Model Z' boson is set. A Randall- 
Sundrum graviton with coupling k/ M pi— 0.1 is excluded at 95% C.L. for masses below 1.63 TeV. 

PACS numbers: 13.75.Cs, 12.60.Cn 



This Letter describes a search for narrow high-mass 
resonances decaying into e~^e~ or fJ-'^ fi^ pairs using 7 TeV 
pp collision data recorded with the ATLAS detector 
Such resonances, which are predicted by several exten- 
sions of the Standard Model (SM), include new heavy 
spin-1 neutral gauge bosons such as Z' and Z* 
techni-mesons Id-lsl , as well as spin-2 Randall-Sundrum 
gravitons, G* 

The benchmark models considered for the Z' are the 
Sequential Standard Model (SSM) [2], with the same cou- 
plings to fermions as the Z boson, and the Eq grand uni- 
fied symmetry group broken into SU{5) and two ad- 
ditional U{1) groups, leading to new neutral gauge fields 

and X- The particles associated with the additional 
fields can mix in a linear combination to form the Z' 
candidate: Z'[9es) = ^'-4, cosOEg + Z'^ sinOEe, where 
is the mixing angle between the two gauge bosons. The 
pattern of spontaneous symmetry breaking and the value 
of Oeb determine the Z' couplings to fermions; six well- 
motivated choices of Oe^ [2, 4] lead to the specific Z' 
states named Z^, Z^, Z'^, Z'j, Zg and Z'^. 

Other models predict additional spatial dimensions as 
a possible explanation for the gap between the elec- 
troweak symmetry breaking scale and the gravitational 
energy scale. The Randall-Sundrum (RS) model Q pre- 
dicts excited Kaluza-Klein modes of the graviton, which 
appear as spin-2 resonances. These modes have a nar- 
row intrinsic width when k/Mpi < 0.1, where k is 
the spacetime curvature in the extra dimension, and 
Mpi = Mpi/y/^ is the reduced Planck scale. 

Previous searches have set direct and indirect con- 
straints on the mass of the G* and Z' resonances [13, [HI ■ 
The Tevatron [l^ [l3| experiments exclude a .^ssm with 
a mass lower than 1.071 TeV [13]. Recent measurements 
from the LHC experiments, based on «40 pb^^ of data 
recorded in 2010, exclude a .^gSM with a mass lower than 
1.042 TeV (ATLAS) [H and 1.140 TeV (CMS) [H. In- 
direct constraints from LEP extend these limits 
to 1.787 TeV \Xm- Constraints on the mass of the RS 



graviton have been set by the CMS [ij], CDF (20| and 
DO j2lj collaborations, excluding RS gravitons with mass 
below 1.079 TeV for k/Mpi = 0.1 [Til. 

The ATLAS detector consists of inner tracking devices 
surrounded by a 2 T superconducting solenoid, electro- 
magnetic and hadronic calorimeters, and a muon spec- 
trometer with a toroidal magnetic field. C harg ed par- 
ticles in the pseudorapidity range |ry| < 2.5 [22| are re- 
constructed with the inner detector, which consists of 
silicon pixel, silicon strip, and transition radiation detec- 
tors. The superconducting solenoid is surrounded by a 
hermetic calorimeter that covers |?7| < 4.9. For \rj\ < 2.5, 
the electromagnetic calorimeter is finely segmented and 
plays an important role in electron identification. Out- 
side the calorimeter, air-core toroids provide the mag- 
netic field for the muon spectrometer. Three sets of pre- 
cision drift tubes and cathode strip chambers provide an 
accurate measurement of the muon track curvature in the 
region \t]\ < 2.7. Resistive-plate and thin-gap chambers 
provide muon triggering capability up to |?7| < 2.4. 

The data sample used in this analysis, recorded during 
the first half of 2011, corresponds to a total integrated lu- 
minosity of 1.08 (1.21) fb^^ in the e+e" (/x+/Lt~) channel. 
Events are required to pass single electron (muon) trig- 
gers with a transverse energy Et (transverse momentum 
Pt) threshold above 20 (22) GeV. Collision candidates are 
selected by requiring a primary vertex with at least three 
associated charged particle tracks with pT > 0.4 GeV. 

In the e^e~ channel, two electron candidates are re- 
quired with transverse energy Et > 25 GeV and < 
2.47; the transition region 1.37 < |?7| < 1.52 between the 
barrel and the endcap calorimeters is excluded. Electron 
candidates are formed from clusters of cells reconstructed 
in the electromagnetic calorimeter associated with a 
charged particle track in the inner detector. Criteria on 
the transverse shower shape, the longitudinal leakage into 
the hadronic calorimeter, and the association with an in- 
ner detector track are applied to the cluster to define a 
so-called Medium electron [2^, [^J] . The electron energy 
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is obtained from the calorimeter measurement and its di- 
rection from the associated track. A hit in the first active 
pixel layer is required to suppress background from pho- 
ton conversions. To further suppress background from 
QCD jet production, the higher Et electron is required to 
be isolated by demanding that J:Et{AR < 0.2) < 7 GeV, 
where AR = y/{AT])^ + {Acj))^ and Y.Et{AR < 0.2) is 
the sum of the transverse energies around the electron 
direction. The core of the electron energy deposition is 
excluded and the sum is corrected for transverse shower 
leakage and pile-up from additional pp collisions. The 
two electron candidates are not required to have oppo- 
site charge to minimize the impact of possible charge mis- 
identification. For these selection criteria, the total sig- 
nal acceptance for a Z' e+e" (G* — e+e~) of mass 
1.5 TeV is 65% (69%), and is approximately independent 
of mass above 600 GeV. These numbers include the ac- 
ceptance of all selection cuts and efficiencies, and reflect 
the lepton angular distributions due to spin. 

In the channel, two muon candidates of opposite 

charge are required, each satisfying > 25 GeV. Muon 
tracks are reconstructed independently in both the in- 
ner detector and muon spectrometer, and their momenta 
are determined from a combined fit to these two mea- 
surements. To optimize the momentum resolution, each 
muon candidate is required to pass quality cuts in the 
inner detector and to have at least three hits in each 
of the inner, middle, and outer layers of the muon sys- 
tem. Muons with hits in both the barrel and the end- 
cap regions are discarded because of residual misalign- 
ment between these two parts of the muon spectrometer. 
The effects of misalignments and intrinsic position reso- 
lution are included in the simulation. The pt resolution 
at 1 TeV ranges from 15% (central) to 44% (for \tj\ > 2). 

To suppress background from cosmic rays, the muon 
tracks are required to have a transverse impact parame- 
ter \do\ < 0.2 mm, a distance along the beam-line to the 
primary vertex below 1 mm, and the z position of the pri- 
mary vertex |z(PV)| < 200 mm. To reduce background 
from QCD jets, each muon is required to be isolated such 
that T,pt{AR < 0.3)/pT(/i) < 0.05, where only tracks 
with pt > 1 GeV enter the sum. The total signal ac- 
ceptance is 40% (44%) for a Z' ^ n+ (G* /x+^i") 
of mass 1.5 TeV. The lower acceptance compared to the 
electron channel is due to the stringent requirements on 
the muon selection criteria to improve pT resolution. 

For both channels, the dominant and irreducible back- 
ground is due to the Z/^* (Drell-Yan) process, charac- 
terized by the same final state as the signal. Small con- 
tributions from tt and diboson {WW, WZ and ZZ) pro- 
duction are also present in both channels. Semi-leptonic 
decays of h and c quarks in the fJ-'^ fJ.~ sample and a mix- 
ture of photon conversions, semi-leptonic heavy quark 
decays, and hadrons faking electrons in the e~^e~ sam- 
ple are backgrounds that are referred to below as QCD 
background. Jets accompanying W bosons {W + jets) 
may similarly produce lepton candidates. 

The expected signal and backgrounds, with the excep- 



tion of the QCD component, are evaluated with simu- 
lated samples and rescaled using the most precise avail- 
able cross section predictions. The Z', G* signal and 
Z/'j* processes are generated with Pythia 6.421 [25] us- 
ing MRST2007 LO* ^ parton distribution functions 
(PDFs) . Interference between the Z/j* processes and the 
heavy resonances is small and therefore neglected. The 
diboson processes are generated with Herwig 6.510 [27| 
using MRST2007 LO* PDFs. The W+]ets background is 
generated with Alpgen ^ using CTEQ6L1 [291 PDFs 
and the tt background with MC@NLO 3.41 [30] using 
CTEQ66 [31] PDFs. For both, Jimmy 4.31 ^ is used to 
describe multiple parton interactions and Herwig to de- 
scribe the remaining underlying event and parton show- 
ers. Final-state photon radiation is handled with PHO- 
TOS [13] • The samples are processed through a full AT- 
LAS detector simulation [34] based on GEANT4 (35} . 

The Z/j* cross section is calculated at next-to-next- 
to-leading order (NNLO) using PHOZPR 36] with 
MSTW2008 PDFs [37]. The ratio of this cross section 
to the leading-order cross section is used to determine 
a mass dependent QCD K-factor which is applied to 
the results of the leading-order simulations. The same 
QCD K-factor is applied to the Z' signal. No QCD K- 
factor is available for G* production at 7 TeV [H, [s^ . 
Higher-order weak corrections (beyond the photon ra- 
diation included in the simulation) are calculated using 
HORACE [13, SJ , yielding a weak K-factor due to virtual 
heavy gauge boson loops. The weak K-factor is only ap- 
plied to the Drell-Yan background. The diboson cross 
sections are calculated to ncxt-to-leading order (NLO) 
using MCFM |45] with an uncertainty of 5%. The M^+jets 
cross section is rescaled to the inclusive NNLO calcula- 
tion of FEWZ [4^, resulting in 30% uncertainty when at 
least one parton with Et > 20 GeV accompanies the W 
boson. The ti cross section is pre dicted at approximate- 
NNLO, with 10% uncertainty [13, • 

The QCD background in the e+e" sample is esti- 
mated with data using "reversed electron identification" 
and "isolation fit" techniques [3], and a third method 
that uses fake rates measured from inclusive jet samples. 
In the "reversed electron identification" technique, data 
with both electron candidates failing some identification 
criteria (chosen not to affect kinematic distributions) are 
used to determine the QCD background distribution ver- 
sus rriee- This method is used for the central estimate 
and the others which bracket it, to assign a systematic 
uncertainty. The QCD background in the sample 
is evaluated from data using the muon isolation variable 
SpT(Ai? < 0.3)/pT .14]. The QCD and jets back- 
grounds are small (negligible) for the electron (muon) 
channel. Backgrounds from cosmic rays are negligible. 

The observed invariant mass distributions are com- 
pared to the SM expectation. For this purpose, the Drell- 
Yan, tt, diboson and W + jets backgrounds from Monte 
Carlo simulation are scaled according to their respective 
cross sections and added to the QCD background. The 
simulated backgrounds are then rescaled so that the sum 
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FIG. 1: Dielectron (top) and dimuon (bottom) invariant 
mass (rriie) distribution after final selection, compared to the 
stacked sum of all expected backgrounds, with three example 
^SSM signals overlaid. The bin width is constant in logm^^. 



matches the observed number of data events in the 70 - 
110 GeV mass interval. The scaling factor is within 1% 
of unity. The advantage of this approach is that the un- 
certainty on the luminosity, and any mass independent 
uncertainties on efficiencies, cancel between the Z' (G*) 
and the Z boson. 

Figure [T] presents the invariant mass (mu) distribu- 
tion for the dielectron (top) and dimuon (bottom) final 
states after final selection, while Table |T] shows the num- 
ber of data events and the estimated backgrounds in bins 
of reconstructed mu. The dilepton invariant mass dis- 
tributions are well described by the prediction from SM 
processes. Figure [1] also displays the expected .^gSM ^ig" 
nal for three mass hypotheses. 

The invariant mass distribution of the data is com- 
pared to the backgrounds and signal templates with pole 
masses in the 0.13-2.0 TeV range [Ulig. A likelihood 
function is defined as the product of the Poisson prob- 
abilities over all mass bins in the search region. The 
Poisson probability in each bin is evaluated for the ob- 
served number of data events given the background and 
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TABLE I: Expected and observed number of events in the 
dielectron (top) and dimuon (bottom) channels. The first 
bin is used to normalize the total background to the data. 
The errors quoted include both statistical and systematic un- 
certainties, except the error on the total background in the 
normalization region which is given by the square root of the 
number of observed events. The systematic uncertainties are 
correlated across bins and are discussed in the text. 



m,+ ,-[GeV] 


70-110 


110-200 


200-400 


400-800 


800-3000 


DY 


258482 ± 410 


5449 ± 180 


613 ± 26 


53.8 ± 3.1 


2.8 ± 0.1 


ti 


218 ± 36 


253 ± 10 


82 ± 3 


5.4 ± 0.3 


0.1 ± 0.0 


Diboson 


368 ± 19 


85 ± 5 


29 ± 2 


3.1 ± 0.5 


0.3 ± 0.1 


W+jets 


150 ± 100 


150 ± 26 


43 ± 10 


4.6 ± 1.8 


0.2 ± 0.4 


QCD 


332 ± 59 


191 ± 75 


36 ± 29 


1.8 ± 1.4 


< 0.05 


Total 


259550 ± 510 


6128 ± 200 


803 ± 40 


68.8 ± 3.9 


3.4 ± 0.4 


Data 


259550 


6117 


808 


65 
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m^+M- [GeV] 


70-110 


110-200 


200-400 


400-800 


800-3000 


DY 


23B319 ± 320 


5171 ± 150 


483 ± 22 


40.3 ± 2.5 


2.0 ± 0.3 


tt 


193 ± 21 


193 ± 20 


63 ± 6 


4.2 ± 0.4 


0.1 ± 0.0 


Diboson 


307 ± 16 


69 ± 5 


25 ± 2 


1.7 ± 0.5 


< 0.05 


W+jets 


1 ± 1 


1 ± 1 


< 0.5 


< 0.05 


< 0.05 


QCD 


1 ± 1 


< 0.5 


< 0.5 


< 0.05 


< 0.05 


Total 


236821 ± 487 


5434 ± 150 


571 ± 23 


46.1 ± 2.6 


2.1 ± 0.3 


Data 


236821 


5406 


557 


51 
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signal template expectation. The total signal acceptance 
as a function of mass is propagated into the expectation. 

The significance of a signal is summarized by a p- value, 
the probability of observing an excess at least as signal- 
like as the one observed in data, in the absence of signal. 
The outcome of the search is ranked using a likelihood ra- 
tio, which is scanned as a function of Z' cross section and 
mz' over the full considered mass range. The data are 
consistent with the SM hypothesis, with p-values of 54% 
and 24% for the e~^e~ and IJ-^ i-t^ channels respectively. 

Given the absence of a signal, an upper limit on the 
signal cross section is determined at the 95% confidence 
level (C.L.) using a Bayesian approach [l^j with a flat, 
positive prior on the signal cross section. 

Mass-dependent systematic uncertainties are incor- 
porated as nuisance parameters which are integrated 
out f47|. They include normalization to the Z-peak, 
PDF, QCD and weak K-factors, as well as trigger, re- 
construction and identification efficiencies. These uncer- 
tainties are correlated across all bins in the search region 
and they are correlated between signal and background. 

Since the total background is normalized to the data in 
the region of the Z — > £'^£~ mass peak, the residual sys- 
tematic uncertainties are small at the Z pole and grow at 
higher mass. The dominant uncertainties are theoretical. 
The overall uncertainty due to PDF and as variations is 
estimated to be 10% at 1.5 TeV using the MSTW 2008 
eigenvector PDF sets and other PDF sets corresponding 
to variations of as- The difference with respect to CTEQ 
is included as an additional 3% uncertainty. The uncer- 
tainty on the QCD K- factor is 3%, evaluated from vari- 
ations of the renormalization and factorization scales by 
factors of two around the nominal values. A systematic 
uncertainty of 4.5% is attributed to EW corrections fl4|. 
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TABLE II: Summary of the dominant systematic uncertain- 
ties on the expected signal and background yields at m^+^- = 
1.5 TeV for the Z' (G*) analysis. NA means not applicable. 



Source 


dielectrons 


d 


imuons 




signal 


background 


signal 


background 


Normalization 


5% 


NA 


5% 


NA 


PDFs/qs 


NA 


10% 


NA 


10% 


QCD K-factor 


NA 


3% 


NA 


3% 


Weak K-factor 


NA 


4.5% 


NA 


4.5% 


Trigger /Reconstruction 


negligible 


negligible 


4.5% 


4.5% 


Total 


5% 


11% 


7% 


12% 



The uncertainty on the Z/j* cross section is 5%, which is 
applied as a systematic uncertainty on the normalization. 

Experimental systematic effects due to resolution and 
inefRciencies at high mass were studied. In the electron 
channel, the calorimeter energy resolution is dominated 
at large Et by a constant term which is 1.2% in the 
barrel and 1.8% in the endcaps, with negligible uncer- 
tainty. The uncertainty on the resolution in the muon 
channel is due to residual misalignments and intrinsic po- 
sition uncertainties in the muon spectrometer that prop- 
agate to a change in the observed width of the Z' (G*) 
line-shape. The simulation was adjusted to reproduce 
the data at high muon momentum. The residual uncer- 
tainty translates into an event yield uncertainty of less 
than 1.5%. The combined uncertainty on the muon trig- 
ger and reconstruction efficiency is estimated to be 4.5% 
at 1.5 TeV. This uncertainty is dominated by a conser- 
vative estimate of the impact of large energy loss from 
muon bremsstrahlung in the calorimeter on the muon re- 
construction performance in the muon spectrometer. In 
the electron channel, a systematic uncertainty of 1.5% at 
1.5 TeV is estimated for a possible identification ineffi- 
ciency caused by the isolation requirement. 

The dominant systematic uncertainties are summa- 
rized in Table [TTl Uncertainties below 3% are neglected, 
and no theory uncertainties are applied to the Z' or G* 
signal in the limit setting procedure described below. 

The limit on the number of produced Z' (G*) events 
is converted into a limit on cross section times branch- 
ing fraction aB by scaling with the observed number of 
Z boson events and the theoretical value of aB{Z 
II). The expected exclusion limits are determined using 
simulated pseudo-experiments containing only Standard 
Model processes, by evaluating the 95% C.L. upper limits 
for each pseudo-experiment for each fixed value of mz' 
(TOfj. ). The median of the distribution of limits repre- 
sents the expected limit. The ensemble of limits is used 
to find the 68% and 95% envelopes of the expected lim- 
its as a function of mz' {ma-'). Figure [2] (top) shows 
the combined dielectron and dimuon 95% C.L. observed 
and expected exclusion limits on aB{Z' — 7> II). It also 
shows the theoretical cross section times branching frac- 
tion for the -Z^ggM and for E^g-motivated Z' models with 
the lowest and highest aB. Figure [5] (bottom) shows 
the corresponding limits on the RS graviton. Mass lim- 
its obtained for the and G* (with k/Mpi=Q.\) are 
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FIG. 2: Expected and observed 95% C.L. upper limits on aB 
as a function of mass for Z' (top) and G* (bottom) models. 
Both results show the combination of the electron and muon 
channels. The thickness of the ^ggM (top) and the G* for 
k/M pi=0.1 (bottom) theory curves illustrate the theoretical 
uncertainties. 

displayed in Table IIIII The combined mass limits on the 
i?6-motivated models and the G* with various couplings 
are given in Table IIVI 

TABLE III: Observed (Expected) 95% C.L. mass lower 
limits in TeV on .ZgsM resonance and G* graviton (with 
fc/Mp, =0.1). 

Hodel e+e~ fj,^ fi~ E'^T 
"Z^ 1.70 (1.70) 1.61 (1.61) 1.83 (1.83) 
G* 1.51 (1.50) 1.45 (1.44) 1.63 (1.63) 



In conclusion, the ATLAS detector has been used to 
search for narrow, heavy resonances in the dilepton in- 
variant mass spectrum above the Z boson pole. Proton- 
proton collision data with 1.08 (1-21) fb~^ in the e+e" 
{fi'^fi~) channel have been used. The observed invariant 
mass spectra are consistent with the SM expectations. 
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TABLE IV: 95% C.L. lower limits on the masses of Ee- 
motivated Z' bosons and RS gravitons G* for various values 
of the coupling k/Mpi. Both lepton channels are combined. 





En Z' Models 


RS Graviton 


Model/Coupling 


ryf ryt ryt ryl ryt ryl 

Zj^ Zjj Zi^ Zj^ 


0.01 0.03 0.05 0.1 


Mass limit [TeVJ 


1.49 1.52 1.54 1.56 1.60 1.64 


0.71 1.03 1.33 1.63 



Limits arc set on the eross section times branching frac- 
tion aB. The resulting mass limits are 1.83 TcV for the 
Sequential Standard Model Z' boson, 1.49-1.64 TeV for 
various E^e-motivated Z' bosons, and 0.71 TeV— 1.63 TeV 
for a Randall-Sundrum graviton with couplings {k/ Mpi) 
in the range 0.01—0.1. The Z' boson limits are the most 
stringent to date, including indirect limits set by LEP2. 

Wc thank CERN for the very successful operation of 
the LHC, as well as the support staff from our institutions 
without whom ATLAS could not be operated efficiently. 

Wc acknowledge the support of ANPCyT, Argentina; 
YerPhI, Armenia; ARC, Austraha; BMWF, Austria; 
ANAS, Azerbaijan; SSTC, Belarus; CNPq and FAPESP, 
Brazil; NSERC, NRC and CFI, Canada; CERN; CON- 
ICYT, Chile; CAS, MOST and NSFC, China; COL- 
CIENCIAS, Colombia; MSMT CR, MPO CR and VSC 



CR, Czech Repubhc; DNRF, DNSRC and Lundbeck 
Foundation, Denmark; ARTEMIS, European Union; 
IN2P3-CNRS, CEA-DSM/IRFU, France; GNAS, Geor- 
gia; BMBF, DEC, HGF, MPG and AvH Foundation, 
Germany; GSRT, Greece; ISF, MINERVA, GIF, DIP and 
Bcnoziyo Center, Israel; INFN, Italy; MEXT and JSPS, 
Japan; CNRST, Morocco; FOM and NWO, Netherlands; 
RCN, Norway; MNiSW, Poland; GRICES and FCT, 
Portugal; MERYS (MECTS), Romania; MES of Rus- 
sia and ROSATOM, Russian Federation; JINR; MSTD, 
Serbia; MSSR, Slovakia; ARRS and MVZT, Slovenia; 
DST/NRF, South Africa; MICINN, Spain; SRC and 
Wallenberg Foundation, Sweden; SER, SNSF and Can- 
tons of Bern and Geneva, Switzerland; NSC, Taiwan; 
TAEK, Turkey; STFC, the Royal Society and Lever- 
hulme Trust, United Kingdom; DOE and NSF, United 
States of America. 

The crucial computing support from all WLCG part- 
ners is acknowledged gratefully, in particular from 

CERN and the ATLAS Tier-1 facilities at TRIUMF 
(Canada), NDGF (Denmark, Norway, Sweden), CC- 
IN2P3 (France), KIT/GridKA (Germany), INFN-CNAF 
(Italy), NL-Tl (Netherlands), PIC (Spain), ASGC (Tai- 
wan), RAL (UK) and BNL (USA) and in the Tier-2 fa- 
cilities worldwide. 



[1] ATLAS Collaboration, JINST 3, S08003 (2008). 
[2] P. Langacker, Rev. Mod. Pliys. 81, 1199 (2009). 
[3] J. Erler, P. Langacker, S. Munir, and E. R. Pena, JHEP 

0908, 017 (2009). 
[4] D. London and J. L. Rosner, Phys. Rev. D34, 1530 

(1986). 

[5] M. Chizhov, V. Bednyakov, and J. Budagov, Physics of 

Atomic Nuclei 71, 2096 (2008). 
[6] K. D. Lane and E. Eichten, Phys. Lett. B222, 274 (1989). 
[7] K. D. Lane and S. Mrenna, Phys. Rev. D 67, 115011 

(2003). 

[8] A. Bclyaev et al., Phys. Rev. D 79, 035006 (2009). 
[9] L. Randall and R. Sundrum, Phys. Rev. Lett. 83, 3370 
(1999). 

[10] C. Hays, A. V. Kotwal, and O. Stelzer-Chilton, Modern 
Physics Letters A24, 2387 (2009), and references therein. 

[11] P. Langacker, hep-ph/0911.4294 (2009). 

[12] DO Collaboration, Phys. Lett. B695, 88 (2011). 

[13] CDF Collaboration, Phys. Rev. Lett. 106, 121801 (2011). 

[14] ATLAS Collaboration, Phys. Lett. B700, 163 (2011). 

[15] CMS Collaboration, JHEP 05, 093 (2011). 

[16] OPAL Collaboration, Eur. Phys. J. C33, 173 (2004). 

[17] DELPHI Collaboration, Eur. Phys. J. C45, 589 (2006). 

[18] L3 Collaboration, Eur. Phys. J. C47, 1 (2006). 

[19] ALEPH Collaboration, Eur. Phys. J. C49, 411 (2007). 

[20] CDF Collaboration, Phys. Rev. Lett. 107, 051801 (2011). 

[21] DO Collaboration, Phys. Rev. Lett. 104, 241802 (2010). 

[22] ATLAS uses a right-handed coordinate system with the 
a-axis along the beam pipe. The a;-axis points to the cen- 
ter of the LHC ring, and the y axis points upward. Cylin- 



drical coordinates (r, (j>) are used in the transverse plane, 
4> being the azimuthal angle. The pseudorapidity is de- 
fined in terms of the polar angle ^ as ?7 = — lntan(^/2). 

[23] ATLAS Collaboration, ATLAS-CONF-2010-005 (2010). 

[24] ATLAS Collaboration, JHEP 1012, 060 (2010). 

[25] T. Sjostrand, S. Mrenna, and P. Z. Skands, JHEP 0605, 
026 (2006). 

[26] A. Sherstnev and R. S. Thorne, Eur. Phys. J. C55, 553 
(2008). 

[27] G. Corcella et al., JHEP 0101, 010 (2001). 

[28] M. L. Mangano et al., JHEP 07, 001 (2003). 

[29] J. Pumplin et al., JHEP 0207, 012 (2002). 

[30] S. Frixione and B. Webber, JHEP 0206, 029 (2002). 

[31] P. M. Nadolsky et al., Phys. Rev. D78, 013004 (2008). 

[32] J. M. Butterworth, J. R. Forshaw, and M. H. Seymour, 
Z. Phys. C72, 637 (1996). 

[33] P. Golonka and Z. Was, Eur. Phys. J. C45, 97 (2006). 

[34] ATLAS Collaboration, Eur. Phys. J. C70, 823 (2010). 

[35] S. Agostinelli et al. (GEANT4 Collaboration), Nucl. lu- 
strum. Meth. A506, 250 (2003). 

[36] R. Hamberg, W. L. van Neerven, and T. Matsuura, 
Nucl. Phys. B359, 343 (1991), erratum-ibid.B644:403- 
404,(2002). 

[37] A. Martin, W. Stirhng, R. Thorne, and G. Watt, 

Eur. Phys. J. C63, 189 (2009). 
[38] M. C. Kumar, P. Mathews, V. Ravindran, and A. Tri- 

pathi, Nucl. Phys. B818, 28 (2009). 
[39] M. C. Kumar, P. Mathews, and V. Ravindran, 

Eur. Phys. J. C49, 599 (2007). 
[40] C. M. Carloni Calame, G. Montagna, O. Nicrosini, and 



6 



A. Vicini, JHEP 0612, 016 (2006). 
[41] C. M. Carloni Calamc, G. Montagna, O. Nicrosini, and 

A. Vicini, JHEP 0710, 109 (2007). 
[42] J. M. Campbell and R. K. Ellis, Phys. Rev. D60, 113006 

(1999). 

[43] K. Melnikov and F. Petriello, Phys. Rev. D74, 114017 
(2006). 



[44] S. Moch and P. Uwcr, Phys. Rev. D78, 034003 (2008). 
[45] U. Langcnfcld, S. Moch, and P. Uwcr, hcp-ph/0907.2527 
(2009). 

[46] CDF Collaboration, Phys. Rev. Lett. 102, 091805 (2009). 
[47] A. Caldwell, D. Kollar, and K. Kroninger, Com- 
put. Phys. Commun. 180, 2197 (2009). 



7 



The ATLAS Collaboration 



G. Aad^s, B. Abbott"!, j_ Abdallah", A.A. Abdclalim^^, A. Abdesselam"«, O. Abdinoyio, B. Abi"^^ 

M. Abolins*^^ H. Abramowiczi53^ H. Abrcu"^ E. Accrbi^^^'^gb^ g_g Acharyai64^'i64b^ p L_ Adams^^, T.N. Addy^^^ 

J. Adelman^s^ M. Aderholz^^, S. Adomeit^^^ P. Adragna^^^ T. Adye^^s, S. Aefsky22, J.A. Aguilar-Saavedrai24b.a, 

M. Aharrouche^i, S.P. Ahlen^i, F. Ahles^^^ A. Ahmadl^^ M. Ahsan^o, G. Aiellii33a,i33b^ ^ Akdogan^Sa, 

T.P.A. Akcsson^^ G. Akimotois^^ A.V. Akimov A. Akiyamaf'^ M.S. Alami, M.A. Alam^^^ j Albcrtif'^, 

S. Albrand^^, M. Aleksa^^, I.N. Aleksandrov^^^^ F. Alessandria^^'', C. Alexa^^'', G. Alexander^sa, Q. Alexandre''^ 

T. Alexopoulos^ M. Alhroob^o, M. Aliev^^, G. Alimonti^^'^, J. Alison^^o, M. Aliyev^o, P.P. AUport^^^ 

S.E. Allwood-Spiers53, J. Almond^^^ A. Aloisioi°2a402b^ Aloni^\ A. Alonso™, M.G. Alviggii"2a,i02b^ ^ Amako^^, 

P. Amaral^^, C. Amelung^^, V.V. Ammosov^^^, A. Amorim^^^'^''', G. Amoros^^'', N. Amram^^'^, C. Anastopoulos^^, 

L.S. Ancul^ N. Andari"^, T. Andeen^^, C.F. Anders^^, G. Anders^^^, K.J. Anderson^o, A. Andreazza^^^'^^^, 

V. Andrei^^'*, M-L. Andrieux^^, X.S. Anduaga™, A. Anger ami^"', F. Anghinolfi^^ , N. Anjos^^"*'', A. Annovi^'^, 

A. Anto^aki^ M. Antonelli''^ A. Antonov^^ J. Antosi44b^ p. Anulli"2a^ s. Aoun^^, L. Aperio Bella^, R. ApoUe"^-^, 

G. ArabidzeS^ I. Aracena"3, Y. Arai^^, A.T.H. Arcc*", J.p. Archambault^^, S. Arfaoui^^''', J-F. Arguin", 

E. ArikiS'^'*, M. Arikisa, A.J. Armbruster^'', O. Arnaez^i, G. Arnault"^ A. Artamonov9^ G. Artonii32a,i32b^ 
D. Arutinov^o, S. Asai^5^ R. Asfandiyarov^''^, S. Ask^^, B. Asman"'^'''"^'^, L. Asquith^, K. Assamagan^^, 

A. Astburyi'5'^, A. Astvatsatourov^^^ q Atoian^''^, B. Aubcrt'', E. Augc"'^ K. Augsten^^?^ ]y[ Aurousscau"'"''', 
N. Austin^-\ G. Avolioi63, R. Avramidou^ D. Axen^^s^ q Ay^^, G. Azuelos^^.e^ y. Azuma^^^, M.A. Baak^^, 

G. Baccaglioni«9% C. Bacci^^^'^'i^^b, A.M. Bach^*, H. Bachacoul3^ K. Bachas2^ G. Bachy^s, M. Backes^^ 
M. Backhaus^o, E. Badescu^^^ P. Bagnaiai32aa32b^ g Bahinipati^, Y. Bai^'^'', D.C. Bailcy^''^^ T. Bain^''^^ 

J.T. Bainesi29, O.K. Baker"^^ M.D. Baker^"*, S. Baker^^ E. Banas^^, P. Banerjee^^^ Banerjee^^^^ D. Banfi^^, 
A. Bangerti37^ y. Bansal^^^^^ H.S. Bansil^^, L. Barak^^S S.P. Baranov^*, A. Barashkou^^^, A. Barbaro Galtieri", 
T. Barber27, E.L. Barbcrio*^ D. Barbcris^°^'5°'', M. Barbcro^", D.Y. Bardin6^ T. Barillari^^, M. Barisonzi^'^^, 
T. Barklow"^ N. Barlow^^, B.M. Barnett^^g^ j^p Barnctt", A. Baronccllii^*^^ q. Baronc*^ A.J. Barr"^, 

F. Barrciro^'^, J. Barreiro Guimaraes da Costa^^, P. Barrillon"^, R. Bartoldus^''^^ a.E. Barton'^\ D. Bartsch^o, 
V. Bartschi49, R.L. Bates^^^ l_ Batkova^^^^a^ j Batley^^, A. Battagliai", M. Battistin^^, G. Battistoni^^^, 

F. Baueri36, H.S. Bawa^^^'^, B. Beare^^s, T. Beaut's, P.H. Beauchemin"^, R. Beccherle^o^, P. Bechtle^^i, 

H. P. Beckie, M. Beckingham^s, K.H. Becks^^", A.J. Bcddall^^^^ A. Bcddall^^^ S. Bcdikiani^^^ V.A. Bcdnyakov^^ 
CP. Bee^^, M. BegeP^, S. Behar Harpazi52^ p Behera'^^^ M. Beimforde9^ C. Belanger-Ghampagne^^ P.J. Bell^^, 
W.H. Bellas, G. Bellal5^ L. Bellagamba^^'', F. Bellina^^, M. Bellomo^^, A. BelloniS^, O. Beloborodova^^^, 

K. Belotskiy96^ q Bcltranicllo^^, S. Ben Amii'", O. Benary^^^^ D. Bcnchckroun^^Sa^ q Bcnchouk^^ M. Bendel^S 
N. Benekos^^'', Y. Bcnhammou^^^^ D.P. Benjamin"^^, M. Benoit^^^, J.R. Bensinger^^, K. Benslama^^o^ 
S. Bentvelsen^""', D. Berge^^, E. Bergeaas Kuutmann^^, N. Berger*, F. Berghaus^^'', E. Berglund^^, J. Beringer^*, 
K. Bernardct**-\ P. Bcrnat'^'^, R. Bernhard^^, C. Bernius^^, T. Bcrry'^^ A. Bcrtin^^aagb^ p BertincUi^^, 

F. Bertoluccii22a,i22b^ j Bcsana*^^^'^^^, N. Besson^e^ S. Bethkc^^ W. Bhimji'*'\ R.M. Bianchi^^, M. Bianco^^'^'^^'', 
O. Biebel9^ S.P. Bienick^^ K. Bierwagcn^^^ j Biesiada^^, M. Biglicttii34a,i34b^ jj Bilokon^^, M. Bindi^^'^'^'^'', 

S. Binetll^ A. Bingul^s^ C. Binii32a,i32b^ (j Biscarat^^^ U. Bitenc^^^ K.M. Black2i, R.E. Blair^, 
J.-B. Blanchard"^, G. Blanchot^^, T. Blazek"^^, G. Blocker22, J. Blocki^s, A. Blondel''^, W. Blum^i, 
U. BlumcnscheinS^^ q j Bobbinkio^^ V.B. Bobrovnikovi"^ S.S. Bocchctta^^^ a. Bocci*^, C.R. Boddy"^ 
M. Boehler^^i, J. Boek^'^''^ ^ Boelaert^^, S. Boser'^'^, J.A. Bogaerts^^, A. Bogdanchikov^^^ A. Bogouch^^'*, 

C. Bohmi46a^ V. Boisvert^^ T. Bold^^^s.g^ y. Boldea^^^, N.M. Bolnet^^e^ ^ Bona^^ V.G. Bondarenko''*', 
M. Bondiolii*5-\ M. Boonckamp^^e ^ q Boornian'^'', C.N. Booth^^g^ g_ Bordoni'^^, C. Borer^'^, A. Borisovi28^ 

G. Borissov''^, I. Borjanovic^^'^, S. Borroni^'', K. Bos^°^, D. Boscherini^^a^ j^/j Bosman^^, H. Boterenbrood^'^^, 

D. Botterilli29, J. Bouchami^^, j. Boudreau^^^, E.V. Bouhova-Thacker^\ C. Bourdarios"^ N. Bousson^^, 
A. Bovcia^o, J. Boyd29, I.R. Boyko*^'"^, N.I. Bozhkoi28^ j Bozovic-Jclisavcici2b^ j_ Bracinik^'^, A. Bracni29, 
P. Branchinii34a^ g.W. Brandenburg'", A. Brandt^ G. Brandt^'^ O. Brandf'^'', U. Bratzler^^^^ b. Brau*"*, 

J.E. Brau"'^, H.M. Braun""*, B. Brelier^-'^^, J. Bremer29, R. Brennerlf'^ S. Bressleri''^2^ p,_ Bretonll^ D. Britton^^, 

P.M. Brochu^"^, I. Brock20, R. Broek*^, T.J. Brodbeck'^^, E. Brodet^^^^ F. Broggi^^'^, G. Bromberg^s, 

G. Brooijmans^^, W.K. Brooks^^*^, G. Brown^2^ fj. Brown'^, P.A. Bruckman de Renstrom^s^ D. Bruncko^''^'', 

R. Bruneliere'*^ S. Brunet^i, A. Brunii^^, Q. Brunii"^, M. Bruschii^a^ T. Buanes^^, F. Bucci''9. J. Buchanan"^ 

N.J. Buchanan2, P. Buchholz^i, R.M. Buckingham"^, A.G. Buckley^^^ S.I. Buda^^'', LA. Budagov^^, B. Budickio^, 

V. Biischer^i, L. Bugge"^ D. Buira-Clark"^, O. Bulekov9^ M. Bunse^^^ T. Buran"^, H. Burckhart^^, S. Burdin^^^ 

T. Burgess^^, S. Burkei29, E. Busato^^, P. Bussey5-\ CP. Buszello^^e^ p_ Butin29, B. Butler^''^, j.M. Butler2i, 

CM. Buttar^^^ J.M. Butterworth^^ W. Buttinger^"^, T. Byatt^^, S. Cabrera Urban^^^, D. Caforio^^'^'i^'', O. Cakir^'^, 

P. Calafiura", G. Calderini^«, P. Calfayan9^ R. Calkins"^ L.P. Caloba23a, R. Caloii32a,i32b^ ^ Calvet^^, 

S. Calvet33, R. Camacho Toro^^, P. Camarrii33a,i33b^ jyj Cambiaghi"^^^"^'', D. Cameron"^, S. Campana^^, 

M. Campanelli^^ V. Canale^°2a,i02b^ p^ Canelli30''\ A. Canepa^^^'^, J. Cantero^", L. Capassoi°2a,i02b^ 



8 



M.DM. Capeans Garrido^^, I. Caprini^s^, M. Caprini^s^^ D. Capriotti^^, M. Capua^e^'^eb^ ^ Caputo^^^, 

R. Cardarclli"3a^ ^ q Carlinoi"2a^ l_ Carminati89^'»»b^ g Caronl59^ S. Caron^s, 

G.D. CarriUo Montoyai^^ A.A. Cartcr^^ J.R. Cartor^^, J. Carvalhoi24a.»^ d. Casadciio^ M.P. Casado", 

M. Cascellai22a,i22b^ q Qg^^Q50^,50h,* ^ A.M. Castaneda Hernandezi^^ E. Castaneda-Mirandai^^^ 

V. Castillo Gimenezi67, N.F. Castroi24a, q. Cataldi''^'^, F. Cataneo^^, A. Catinaccio^^, J.R. Catmore^i, A. Cattai^^, 

G. Cattanii-^-^"'^'!'''-^!^, S. CaughronSS, D. Cauzi64a,i64c^ Cavalleri^^ D. Cavalli^^^, M. Cavalli-Sforza", 

V. Cavasinnii22a,i22b^ p_ Ceradini"4a,i34b^ ^.S. Cerqueira^s^, A. Gerries, L. Gerrito^^^ F. Cerutti^^, S.A. Getin^s'', 

F. Ceveninii02a,i02b^ a. Ghafaq^^a^ d. Chakrabortyio^^ K. Ghan^, B. Ghapleau^^^ J.D. Ghapman^^, 
J.W. ChapmanS^, E. Gharcyrc^^ D.G. Charltoni^ V. Ghavda^^ G.A. Gliavcz Barajas^^, S. Chcatham**^^ 

S. Ghekanov^, S.V. Chekulaevi59% G.A. Ghelkov^^ M.A. Chclstowskaio*, G. Glien64, H. Ghen^^, S. Ghen^^^, 

T. Ghen^^c, X. Ghen^^^ S. Cheng^^a, A. Gheplakov'^^ V.F. Ghepurnov''^ R. Gherkaoui El Mourslil35^ 

V. Ghcrnyatin24, E. Glleu^ S.L. Gheungi^^ L. Ghevalicri^^ G. Gliiefarii02a,i02b^ p Gliikovani^i, J.T. Childers^^'*, 

A. Ghilingarov", G. Ghiodini^^a^ y chizhov^s, G. Ghoudalakis^o , S. Ghouridoui-''^ LA. Christidi^^, 

A. Ghristov^s, D. Ghromek-Burckhart^^, M.L. Chn^^\ J. Ghudoba^^s, Q. Giapetti"2a,i32b^ ^ Giba^'', A.K. Ciftci^'*, 

R. Giftci^'^, D. Ginca33, V. Gindro^^ M.D. Giobotarui<^3^ G. Gioccai^^^'^^'', A. Giocio", M. GiriUiS^, 

M. Giubancan^sa, A. Glark^^, P.J. Glark^s, W. Gleland^^s^ j ^ Glemens^^, B. Glement^s, G. Glement^^*^'^'!^*^'', 

R.W. Cliffti29, Y. Goadou^^^ M. Gobal^s^^^'i^^^ ^ (nQ^,pj^j.Q50a,50b^ Gochran^^ p. Goo"^ J.G. Gogan"^, 

J. Goggeshall^ss^ g Gogneras^^^ G.D. Gojocaru^^, J. Golas"^, A.P. Golijnio^, G. Gollard"^ N.J. Gollins^^ 

G. Collins-Tooth53, J. Gollot5^ G. Golon^*, P. Gonde Muinoi24a^ ^ Goniavitis"^ M.G. Gonidi", M. Gonsonniio^, 
V. Gonsorti^s, S. Gonstantincscu25^ G. Conta"^^'"^'', F. Gonvcntii"2aJ^ Cook^^, M. Cookci^, B.D. Gooper^'', 
A.M. Goopcr-Sarkar"8, N.J. Gooper-Smith^e^ Gopic^^, T. Gornelissen^O'^'SOb^ Corradii^^, F. Gorriveau^^''^, 

A. Gortes-Gonzalez^es, G. Gortiana9^ G. Gosta^^"*, M.J. Gosta^^^?^ j) Gostanzol3^ T. Gostin^o, D. Gote^^, 

L. Gourncycai69, G. Cowan^^ G. Cowdcn^^, B.E. Cox^"^, K. Cranmcrl"^ F. Gresciolii22a,i22b^ Gristinziani^o, 

G. Grosetti36a,36b^ ^ (-;j.^p-72a,72b^ g_ Gr6p6-Rcnaudin5^ G.-M. Guciuc^s^, C. Gucnca Almcnari^^^ 

T. Guhadar Donszclmanni-''^ M. Guratolo*^, C.J. Gurtisi^ P. Gwctanski*^'!, H. Czirr^i, Z. Czyczula"^, 

S. D'Auria^^^ M. D'Onofrio^^^ A. D'Orazioi32a,i32b^ P.V.M. Da Silva23a, C. Da Via^^^ W. Dabrowski^^ T. Dai^"^, 

G. Dallapiccola®^, M. Dam3^ M. Dameri^O'^'SOb, D.S. Damianii^^, H.O. Danielsson^^, D. Dannheim^^ , V. Dao4^ 

G. Darbo^o% G.L. Darlca^s^^ q Daumio^, J.P. Dauvergne ^9, W. Davey^e, T. Davideki^e, N. Davidson^e, 

R. Davidson^i, E. Davies"^'^ M. Davies^^^ a.R. Davison^'', Y. Davygora^^'^, E. Dawe"^ I. Dawson"9, 

J.W. Dawson^'*, R.K. Daya^s, K. De^ R. de Asmundis^o^a^ g Cj^g^j-giQaagb^ p ^ j^e Castro Faria Salgado^^, 

S. Dc Cecco™, J. de Graat^^, N. Do Grooti"^^ p. dc Jong^o^^ G. Dc La Taillc"^ H. Dc la Torrc^", 

B. De Lottoi64a,i64c^ L_ Mora^i, L. De Nooiji"^ D. De Pedisi32a^ a. De Salvoi32a^ u. De Sanctisi64a,i64c^ 
A. De Santoi49^ j.B. De Vivie De Regie"^, S. Dcaii^'^, R. Debbc24, D.V. Dedovich^s, J. Degenhardt^^^, 

M. Dcllchar"^ C. Del Papai64a,i64c^ j_ p,gi Peso*^o, T. Del Pretei22a,i22b^ Deliyergiyev''^, A. DcirAcqua29, 
L. Dcll'Asta^9a,89b^ Qgllj^ Pietrai02aj-^ dclla Volpei°2a,i02b^ Dclmastro29, P. Delpierre^^^ n. Dclruelle29, 
P.A. Dclsart•^^ C. Dcluca"^ S. Dcmcrsl^^ M. DemichevS^ B. Dcmirkoz" ', J. Dcngi*^'^ S.P. Denisov^^s^ 
D. Derendarz^s, J.E. Derkaoui^^sd^ p Qerue^^, P. Dervan'^^^ Desch20, E. Devetak^s, p.Q. Deviveiros^^^, 
A. Dewhursti29^ p DeWilde"^^ S. Dllaliwall5^ R. Dhullipudi^^'™, A. Di Giaccioi^^a.issb^ p pj Giaccio^, 
A. Di Girolamo29, B. Di Girolamo29, S. Di Luise"4a,i34b^ pj Mattia^**, B. Di Micco29, R. Di Nardo"3aa33b^ 
A. Di Simonei33a,i33b^ p_ pj Sipio^^'^'i^'', M.A. Diaz^i^, F. Diblen^Sc, E.B. Diehl^'', J. Dietrich^i, T.A. Dietzsch^^a^ 
S. Diglio"^ K. Dindar Yagci39, J. Dingfelder20, C. Dionisii32a,i32b^ p Dita25a^ g Dita^^**, F. Dittus2^ F. Djama^^, 
T. Djobava^i, M.A.B. do Valc23a^ A. Do Vallc Wcmansi24a^ T.K.O. Doan^, M. DobbsS^ R. Dobinson 29^*, 

D. Dobos29, E. Dobson29, M. Dobsoni63^ j. Dodd^^, C. Doglioni"^ T. Doherty^^^ y. Doi^^.*, J. Dolejsi^^e^ 
I. Dolenc^^, Z. Dolezali26, B.A. Dolgoshein96.*, T. Dollmae^^^ M. Donadelli^^d, M. Donega^^^, J. Donini^s, 
J. Dopke29, A. Doriai02a^ A. Dos Anjosi^2^ ]^ Dosil", A. Dottii22a,i22b^ j^^^^ro^ j p_ powell^^ 

A.D. Doxiadis^o^ A.T. Doyle^^ Z. Drasali26^ J. Drees^'^'', N. Drcssnandti20^ H. Dreverniann29, C. Driouichi^s, 
M. Dris9, J. Dubbcrt99, T. Dubbs"7^ g. Dube^'*, E. Duchovnii^i, G. Duckcck98, A. Dudarev29, F. Dudziak64, 
M. Diihrssen 29, LP. Duerdotli82, L. Duflot"^ M-A. Dufour^^, M. Dunford29, H. Duran Yildiz^^, R. Duxfieldi39, 
M. Dwuznik^^, F. Dydak ^9, M. Diiren52, W.L. Ebenstein^"^, J. Ebke9^ S. Eckert''^ S. Eckweiler^i, K. Edmonds^i, 
G.A. Edwards^s^ ^ Edwards^^^ W. Ehrenfeld^^, T. Elirich99, T. Eifert29, G. Eigen^^, K. Einsweiler^^, 

E. Eisenhandler^s^ T. Ekelof^^, M. El Kacimii^sc^ m_ Ellertl''^ S. Elles^ F. Ellingliaus«\ K. Ellis^^ N. Ellis29, 

J. Elmsheuser^s, M. Elsing29, D. Emeliyanovi29, R. Engelmann"^ ^ Eng\^^, B. Epp62, A. EppigS'', J. Erdmann^*, 

A. Ercditatol^ D. Eriksson"6a^ j_ Ernst^, M. Ernst24, J. Ernweini^e, D. Erredei^s, g. Errcdci^s, E. Ertel8\ 

M. Escalicr"^ C. Escobar^23^ x. Espinal GuruU", B. Esposito''^, F. Etienne^^^ a.L Etienvre^^e^ ^ Etzion^s^^ 

D. Evangclakou^^^ ^ Evans^^S L. Fabbrii^^'i^^, G. Fabrc29, R.M. Fakhrutdinov^^s^ g_ Falcianoi32a^ y. Fangi^2^ 

M. Fanti*^^^®^'', A. Farbin'^, A. Farillai34a^ j_ Farleyi48, t. Farooquei^^, S.M. Farrington^i^ P. Farthouat29, 

P. Fassnacht2^ D. Fassouliotis* , B. Fatholahzadeh^^^ A. Favareto*^'''*^'', L. Fayardl^^ S. Fazio36a.36b^ 

R. Febbraro^s, P. Federici^^"*, O.L. Fedin^^i, W. Fedorko^*, M. Fehling-Kaschek^^, L. Feligioni^^^ p FellInann^ 



9 



C. U. FelzmannSe, C. Fcng-'^^d^ g j peng^", A.B. Fenyuki^s, J. Ferenceii'*'^'', J. Ferland^^, W. Fcrnandoio^, 

S. Fcrrag^^, J. Ferrando''^-'', V. Fcrrara'^^ A. Ferrari^*''', P. Ferrari^"^, R. Ferrari"'^'', A. Fcrrcr^^''', M.L. Forrer'^'^, 

D. Fcrrcrc'^^, C. Ferretti*^ A. Ferretto Parodi^^^'^o'^, M. Fiascaris^", F. Fiedlcr*^\ A. Filipcic^'', A. Filippas^ 

F. Filthaut^o"^ M_ Fincke-Keeleri^s, M.C.N. Fiolhaisi24a,i, l. Fiorinii67, A. Firan^s, G. Fischer^i, P. Fischer 20, 
M.J. Fisherios, S.M. Fisheries, M. Flechl^s, I. Fleck"i, J. Fleckner^i, P. Fleischmanni^^, S. Fleischmanni''^, 

T. Flicki'^'*, L.R. Flores Castillo^'^^^ M.J. Flowerdcw^^, M. Fokitis^ T. Fonseca Martini^ D.A. Forbush^s, 

A. Formicate, A. Forti^^, D. Fortini^sa^ j.M. Foster82, D. Fournier^s^ A. Foussat^^, A.J. Fowler''^, K. Fowleri37, 

H. Fox^S P. Prancavillai22a,i22b^ g Franchino"^'^'"^'^, D. Prancis^^, T. Prank^^i, M. Pranklin^^, S. Franzes, 

M. Fraternali"9'^'"9'', S. Fratinai^", S.T. French^^, F. Fricdrich R. FrocschP, D. Froidevaux^^ , J.A. Frost^^, 

C. Fukunagal5^ E. Fullana Torregrosa^^, J. Fuster^^^, C. Gabaldon^s, O. Gabizoni^i, T. Gadfort^^, S. Gadomski^^, 

G. Gagliardi^O'^'SOb^ p. Gagnon^i, C. Galea^^, E.J. Gallas"^ M.V. Gallas^^, V. Gallol^ B.J. Gallop^^g^ p Gallus^^s^ 

E. Galyacv^o, K.K. Ganio^, Y.S. Gao^^^ ^ , V.A. Gapicnkoi^s, A. Gaponcnko", F. Garbersonl7^ 

M. Garcia-Scivcresi4, C. Garcfai^^^ j.E. Garcia Navarro^^, R.W. Gardner^", N. Garelli^^, H. Garitaonandial°^ 

V. Garonnc29, J. Garvcyi^ C. Gatti^^, G. Gaudio"^^^ q. Gaumer^^, B. Gaur"i, L. Gauthier^e, l.L. Gavrilenko^^, 

G. Gayi68, G. Gaycken^o, J-C. Gayde^^, E.N. Gazis^, P. Ge^^'^, G.N.P. Gee^^s, D.A.A. Geerts^o^, 

Gh. Geich-Gimbepo, K. Gellerstedt"^^'"^'', G. Gemme^"'^, A. Gemmell^^^ M.H. Genest^^^ S. Gentilei32a,i32b^ 

M. George54, g_ George^^ P. Gerlachl^^ A. Gershon^-", C. Geweniger'^^a^ ^ Ghazlane"^'", P. Ghez", 

N. Ghodbane33, B. GiacobbeiS'^, S. Giagui32a,i32b^ y Giakoumopoulou^, V. Giangiobbe^22a,i22b^ p Gianotti29, 

B. Gibbard24, A. Gibson^ss, S.M. Gibson29, L.M. Gilbert"^ M. Gilchriese^^, V. Gilewsky^S D. Gillberg28, 
A.R. Gillmani29, D.M. Gingrich2'^ J. Ginzburg^^^^ N. Giokaris^ M.P. Giordanii64c^ r. Qjoj.danoi"2a,i02b^ 

F. M. Giorgiis, P. Giovannini^^ , P.P. Giraud^^e, D. Giugni^^^, M. Giunta^^^ p_ Giusti^^'', B.K. Gjelsten"^, 
L.K. Gladilin^^ C. Glasman^o, J. Glatzer^^, A. Glazov^i, K.W. Glitza^^*, G.L. Glonti^^^ J. Godfrey"2, 

J. Godlewski29, M. Goebcl^i, T. G6pfert43, C. GoeringerSi, ^ G6ssling42, T. G6ttfert9^ S. Goldfarb^^ 
T. GoUingi^s^ S.N. Golovniai28, A. Gomcsi24a,fc^ l.S. Gomez Fajardo^i, R. GonQalo^^ 

J. Goncalvcs Pinto Firmino Da Costa^^, L. Gonella2°, A. Gonidec29, S. Gonzalez^^2^ s. Gonzalez de la Hoz^*'^, 
M.L. Gonzalez SiW^, S. Gonzalez-Sevilla^^, J.J. Goodson^s, L. Goossens29, P.A. Gorbounov^^, H.A. Gordon24, 

I. Gorelovi°3^ G. Gorfinei^"^, B. Gorini29, E. Gorini72a,72b^ a. Gorisek^^^ e. Gornicki^s, S.A. Gorokhovi28, 
V.N. Goryaclievi28^ B. Gosdzik^i, M. Gosselinkio^^ M.I. Gostkin^^, I. Gough Eschriclii63^ M. Gouighrii^Sa^ 

D. Goujdamii35c^ m.P. Goulette^^, A.G. Goussioui^s, C. Goy^, I. Grabowska-Boldi63,s^ V. Grabski^^^^ 

P. Grafstr6m29, C. Grah^^^^ j^.j Qrahn^S F. Grancagnolo72a^ g Grancagnolois, V. Grassi"^ V. Gratchevi2i, 
N. Grair^'*, H.M. Gray29, J.A. Gray"8, E. Grazianii34a^ Q.G. Grebenyuki2i, D. Greenfield ^ 29^ rj, Qreenshaw^^^ 
Z.D. Greenwood24.™, K. Gregcrsen^^, I.M. Gregor4i, P. Grenieri43, j. Griffiths^^s, N. GrigalashviUes, A.A. GriUoi^^, 
S. Grinstein", Y.V. Grishkevich^^ J.-F. Grivazi^s, J. Grognuz29, M. Groh^^ E. Gross^^i, J. Grosse-Knetter^*, 
J. Groth-Jenseni^i, K. Grybel^i, V.J. Guarino^, D. Guest^^^^ G. Guicheney33, A. Guida^2a,72b^ Guillemin4, 
S. Guindon54^ jj^ Guler^^.", J. Gunthcri25^ B. Guo^^s^ J. Guo34, ^ Gupta^o, Y. Gusakov^^ V.N. Guslichini28, 
A. Guticrrez'^^ P. Gutierrez"\ N. Guttmani'", O. Gutzwilleri^2^ q Q^y^^ise^ ^ Gwenlan"^ G.B. GwiUiam^^^ 
A. Haasi43, s. Haas29, C. Haber", R. Hackenburg24, H.K. Hadavand^^, D.R. Hadley^^ P. Haefner^^, F. Hahn29, 
S. Haider29, Z. Hajduk^^, H. Hakobyan^^^ J. Haller54, K. Hamaclieri''4, P. Hamal^i^^ A. Hamilton49, 
S. Hamiltoniei, H. Han32a, L. Han-^^b^ Hanagaki"^^ M. Hancei20^ C. Handel^i, P. Hankc-"^8^, J.R. Hansen^^, 
J.B. Hansen^s, J.D. Hansen^^, P.H. Hansen^^, P. Hansson^''^, k. Hara^^^, G.A. Hare^^T^ rj. Harenberg^^^^ 
S. Harkusha^o, D. Harper^^, R.D. Harrington2i, O.M. Harrisl3^ K. Harrisoni^ J. Hartert^^^ F. Hartjes^o^^ 
T. Haruyama^^ A. Harvey5^ S. Hasegawai°\ Y. Hascgawa"", S. Hassani^^^ M. Hatch29, D. HaufP^, S. Haug^e, 
M. Hauschild29, R. Hauser^s, M. Havranek20, B.M. Hawes"^, G.M. Hawkes", R.J. Hawkings29, D. Hawkins^^^^^ 
T. Hayakawa^^, D Hayden7^ H.S. Hayward^^^ S.J. Haywoodi29^ Hazen2i, M. He=^2d^ g j Head^^ V. Hedberg^^, 
L. Hcelan^ S. HeimSS, B. Heinemann", S. Heisterkamp^s, L. Hclary4, M. Hellcr"^^ S. Hcllmani46a,i46b^ 

D. Hellmich20, C. Helscns", R.G.W. Henderson'''^ M. Henke^^a^ a. Henrichs^4^ A.M. Hcnriques Correia29, 

S. Henrot-Versille^^"'', F. Hcnry-Couannier83j C. Hensel^4^ x. HenB^''^, G.M. Hernandez^, Y. Hernandez Jimcnez^''^, 
R. Herrbergis, A.D. Hershenhorni52, G. Herten48, R. Hertenberger^^, L. Hervas29, N.P. Hesseyio^, A. Hidvegi"'^'^, 

E. Hig6n-Rodriguez467, D. Hill^.*, J.C. HilP^, N. Hill^, K.H. Hiller44, S. Hillert20, S.J. Hillieri^ I. Hinchliffe", 
E. Hinesi20, M. Hirose"^ F. Hirscli42, D. Hirschbuehli^4^ j Hobbs^s, N. Hod^^^ M.G. Hodgkinsoni^s, 

P. Hodgsoni39^ A. Hoecker29, M.R. Hoeferkampio^, J. Hoffmanns, D. Hoffmann's, M. Holilfeld«\ M. Holder^i, 

S.O. Holmgreni46a^ x. Holyi27, J.L. Holzbauer8^ Y. Homma*^^, T.M. Hongi20, L. Hooft van Hiiysduynenios, 

T. Horazdovskyi27^ c. Horni43^ S. Horner48, K. Horton"^ J-Y. Hostachy5^ S. Houi^i, M.A. Houlden^^^ 

A. Hoummadaissa^ j_ Howarth82^ j^ p. Howell"', I. Hristova l^ J. Hrivnac"^ I. Hruskai25^ j. Hryn'ova"^, 

P.J. Hsu^^s S.-G. Hsu^^, G.S. Huang^", Z. Hubaceki27, p. Rubaut'^, F. Huegging20, T.B. Huffmanii', 

E.W. Hughes34, G. Hughes^\ R.E. Hughes- Jones'2, M. Huhtinen29, P. Hurst'^'', M. Hurwitzi4, U. Husemann*!, 

N. Huseynov65.°, J. Huston'', J. Huth^^, G. lacobucci''^ G. Iakovidis^ M. Ibbotson'2, I. Ibragimov^i, 

R. Ichimiya*^'^, L. Iconomidou-Fayard"^, J. Idarraga"^, M. Idzik^'^, P. Iengo^°2a,i02b^ q. Igonkina^°^, Y. Ikegami*^'', 



10 



M. Ikcno^e^ Y. Ilchenko39, D. Iliadisi^*^ D. Imbault^s, M. Imhaeuseri^^^ ]y[ i-^oj.[i55^ rp i^^q20^ j Inigo-Golfin^s, 

P. loannou^ M. Iodicei34a^ g. lonescu'', A. Irles Quilesi*^?^ Ishii^s^ A. Ishikawa^^, M. Ishino^s, 

R. Ishmukhamctov^s, C. Isscver"^^ s. Istin^^^, A.V. Ivashini^s, W. Iwanski^^, H. Iwasaki^e, J.M. Izcn^o, 

V. Izzoi°2a^ B Jacksoni20, J.N. Jackson^^^ P. Jackson"3, M.R. Jaekel^^, V. Jain^i, K. Jakobs^^^ S. Jakobsen^^, 

J. Jakubeki27^ d.K. Jana"\ E. Jankowski^^^, E. Jansen'^'^, A. Jantsch^^, M. Janus^o, G. Jarlskog''^, L. Jeanty^'^, 

K. Jelcn-''^, I. Jen-La Plante^o, P. Jenni^^, A. Jeremie^, P. Jez^s, S. Jezequel^, M.K. Jhai^'^, H. Ji^^^^ jjSi^ 

J. Jiai'^s, Y. Jiang32b, M. Jimenez Belenguer^i, G. Jin^^b^ s. Jin32a, Q. Jinnouchii57^ M.D. Joergensen^s, D. Joffe^^, 

L.G. Johanseni3, M. Johansen"6a,i46b^ ^ g Johansson^^Sa^ p Johanssoni^s, s. Johnert*\ K.A. Johns^ 

K. Jon-And"6aa46b^ q Joncs**^ R.W.L. Jones^\ T.W. Joncs^^ T.J. Joncs^^ O. Jonsson^^, C. Joram^^, 

P.M. Jorgei24a,fc^ J. Joscphi4, T. Jovini^b, x. Ju^^o, V. Juranek^^s, R Jussel^^ A. Juste Rozas", 

V.V. Kabachenkoi28 g Kabanal^ M. Kaci^^^?^ Kaczmarska^^, P. Kadlecik^s, M. Kado"^ H. Kagan^o^, 

M. Kagan^^ S. Kaiscr^^ E. Kajomovitzi^z^ S. Kalinini^^^ L.V. Kalinovskaya^^ S. Kama^^, N. Kanayal5^ 

M. Kancda^s, T. Kannoi", V.A. Kantscrov^^ J. Kanzaki^^ B. Kaplanl^^ A. Kapliy^o, J. Kaplon^", D. Kar^a, 

M. Karagoz"^, M. Karnevskiy''^ K. Karr^, V. Kartvclishvili^\ A.N. Karyukhin^^s^ l Kashif^^^^ a. Kasmi^^, 

R.D. Kass^o^, A. Kastanas^^, M. Kataoka"^, Y. Kataokal5^ E. Katsoufis^, J. Katzy^^, V. Kaushik^, K. Kawagoe^^ 

T. Kawamotoiss, G. Kawamura^i, M.S. K&y\^°\ V.A. Kazaninio^, M.Y. Kazarinov^'s, J.R. Keates^^^ R. Keeleri^s, 

R. Kehoc-'^^ M. Keil^", G.D. Kekelidze*5^ M. Kelly^^^ J. Kennedy9^ C.J. Kenney"^ M. Kenyon^^^ O. Kepka^^^, 

N. Kerschen29, B.P. Kersevan^^^ g Kersteni^-*, K. Kessoku^^s^ (j Ketterer^^^ J. Keung^^s^ ^ Khakzad^^, 

F. Khalil-zada^o, H. Khandanyan^es, A. Khanov"^, D. Kharchenko*^^ A. Khodinov9^ A.G. Kholodenko^^s^ 

A. Khomich^**^, T.J. Khoo27, G. Khoriauli^o, A. Khoroshiloyi^^^ KhovanskiyS^ V. Khovanskiy9^ E. Khramov^^, 

J. Khubua^i, H. Kim^ M.S. Kim^, P.C. Kim"3, S.H. Kim^^°, N. Kimurai^o, O. Kindl^ B.T. King^^^ King^^, 

R.S.B. Kingll^ J. Kirk^^s, L.E. Kirsch^^, A.E. Kiryunin^^ T. Kishimoto^^, D. Kisielewska^^ T. Kittelmanni^s, 

A.M. Kiveri28, E. Kladiva^^b^ j, Klaiber-Lodcwigs42, M. Klein^^^ U. Klcin^^^ K. Klcinknccht^i, M. Klcmctti^^^ 

A. Klicri^i, A. Klimcntov24, R. Klingenberg*^, E.B. Klinkby^^, T. Klioutchnikova^s, P.F. Kloki"^^ s. Klous^o^ 
E.-E. Klugc5»^, T. Klugc^^ P. Kluiti"-^ S. Kluth'^^ N.S. Kncchtl5^ E. Kncringcr62, J. Knobloch2», 

E.B.F.G. Knoops^^^ a. Knue^^, B.R. Ko'*^, T. Kobayashi^ss, M. Kobel'^^^ y^^ Kocian"3, A. Kocnari^^, P. Kodysi26, 
K. K6neke29, A.C. Konigio^^ s. Koenig^i, L. Kopke^i, F. Koetsveld^o^, P. Koevesarki20, T. KofFas^^, 
E. Koffcmanlo^ F. Kohn^*, Z. Kohouti27^ x. Kohriki6^ T. Koi^^^^ x. Kokott20, G.M. Kolachevi"^ H. Kolanoskii^, 
V. Kolesnikov'55^ I. Koletsou^^^, J. Koll^s, D. Kollar29, M. KoUefrath^s, S.D. Kolya82^ a.A. Komar^^, Y. Komorii^s, 
T. Kondo6^ T. Kono^^'P, A.I. Kononov*^ R. Konoplich^o^'^, N. Konstantinidis^^ A. Kootz^^^^ S. Koperny^^, 
S.V. Kopikovi28, K. Korcyl^s, K. Kordasi'"^*, V. Koreshevi28, A. Korn"^^ A. Koto\^^\ I. Korolkov", 

E. V. Korolkovai39, V.A. Korotkovi28, Q. Kortner^^, S. Kortner^^, V.V. Kostyukhin20, M.J. Kotamaki29, S. Kotov^^ 
V.M. A. Kotwal*^, C. Kourkoumelis^ V. Kouskourai54^ ^ Koutsmanios, r. Kowalewskii^s, 

T.Z. Kowalski^'', W. Kozancckii^*^, A.S. Kozhini28^ y Krali27^ yj^ Kramarenko^'^, G. Kramberger'^'', 

M.W. Krasny'''*, A. Krasznahorkay^"^, J. Kraus®^, A. Krcisel^'"'^, F. Krejci^27^ j Kretzschmar''^, N. Krieger^**, 

P. Kricgcri-'^^ K. Krocninger''^'^, h'. Kroha^^ J. Krolli2", J. Kroscbcrg20, J. Krstic^^a^ y Kruchonak'^'\ H. Kriiger^^, 

T. Krukeri6, Z.V. Krumshteyn^s , A. Kruth20, T. Kubota^^^, S. Kuehn^s, A. Kugel^^^ T. Kuhl^i, D. Kuhn62, 

V. Kukhtin^s, Y. Kulchitsky90, S. Kuleshov^ib, C. KummerS^ M. Kuna^^^ N. Kundu"^, J. Kunkle^^o, A. Kupco^^s, 

H. Kurashige'^^, M. Kurata^^o, Y.A. Kurochkin^o, V. Kus^"^^, W. Kuykendall^s, M. Kuze^^^, P. Kuzhir^i, 

J. Kvita29, R. Kweel^ A. La Rosa^^^ L. La Rotonda^^'^'^eb^ l. Labarga^", J. Labbe'^, S. Lablak^^s^^ c. Lacasta^^^ 

F. Lacava^^^^'i^^'", H. Lackerl^ D. Lacour^^, V.R. Lacuesta^^^, E. Ladygin^^, R. Lafaye"*, B. Laforge^^, 

T. Lagouri*", S. Lai'*^ E. Laisne'^^, M. Lamanna29, C.L. Lampen*^, W. Lampl^, E. Lanconi^e, U. Landgraf*^, 
M.P.J. Landon^^, H. Landsmani52^ j l_ Lane*2, C. Langc^i, A.J. Lankford^^^^ p Lanni24, K. Lantzsch29, 
S. Laplace'^*, C. Lapoirc2", J.F. Laporte^^^, T. Lari^^*^, A.V. Larionov ^^s, A. Larner^i^, C. Lasseur^^, M. Lassnig29, 
P. Laurelli^'^, A. Lavorato^^*, W. Lavrijsen^'', P. Laycock"^^, A.B. Lazarev^^, O. Le Dortz'^^, E. Lc Guirriec^^, 

C. Lc Mancri^s^ E. Le Menedeui^e, C. LobcF^ rj, i^qQ^^^^qS^ p Ledroit-GuillonSS, H. Leelo^ J.S.H. Lee^^^, 
S.C. Lcc^^\ L. Lce"^ M. Lefebvrei^^^ M. Lcgondre"6, A. Lcgcr^^, B.C. LeGeyti20, F. Legger^^, C. Leggetti"*, 
M. Lehmacher20, G. Lehmann Miotto29, X. Lei^, M.A.L. Leite23d, R. Leitneri26^ d_ Lellouchi^i, M. Leltchouk^^, 

B. Lemmer54, V. Lendermann^S'^, K.J.C. Leney^^b^ ^ Lenz^o^^ G. Lenzenl''^ B. Lenzi29, K. Leonhardt^^^ 

S. Leontsinis^, C. Leroy^'', J-R. Lcssard^®^, J. Lesser C.G. Lester2'^, A. Leung Fook Cheong-'^^2^ j_ Leveque'*, 

D. Levin^'^, L.J. Levinson^^^ M.S. Levitskii28^ Lewandowska2i, A. Lewis^^^, G.H. Lewisi°^, A.M. Leyko^°, 

M. Leytonis, B. Li^^, H. Li^"^^, S. Li32b,d, x. Li^^, Z. Liang^^, Z. Liang^S-'', H. Liao^^^ B. Liberti^^Sa^ p Lichard^^, 
M. Lichtnecker^s, K. Lie^^s, W. Liebig", R. Lifshitzi52, J.N. Lilleyi^ C. Linibach20, A. LimosaniSe, M. Limper^^, 
S.C. Linl5l'^ F. Lindel°^ J.T. LinnemannSS , E. Lipelesi20, L. Lipinskyi25^ A. Lipniacka^^^ ^.M. Liss^^^^, 
D. Lissauer24, A. Lister*^ A.M. Litke^^^^ C. Liu28, D. Liu^^i'*, H. Liu^^ J.B. Liu^^ M. Liu32b^ g Liu2, Y. Liu32b^ 
M. Livan"9^'"9^, S.S.A. Liverniore"^^ A. Lleres5^ J. Llorente Merino^o^ g l Lloyd^^ E. Lobodzinska^i, P. Loch^, 
W.S. Lockmani37, T. Loddenkoetter20, F.K. Loebinger^2^ a. Loginov"^ C.W. Lohi^s, T. Lohsel^ K. Lohwasser-*^, 
M. Lokajiceki25, j. Loken "^ V.P. Lombardo^, R.E. Long^S L. Lopesi24a,5^ ^ L^pg^ Mateos", M. Losadai'52^ 



p. Loscutoff", F. Lo Sterzo"2a,i32b^ Lostyi5»% X. Lou^o, A. Lounis^s, K.F. Loureiroi62, J. Lovc^i, 

P.A. Lovc^i, A.J. Lowe"3./, p. Lu^'^'', H.J. Lubatti^^s, C. Lucii32a432b^ Lucottc5'\ A. Ludwig^^, D. Ludwig^\ 

I. Ludwig4«, J. Ludwig48, F. Luchringf'i, G. LuijckxlO^ D. Lumb^s, L. Luminarii''2a^ g Lund"^, 

B. Lund-Jenscni47, B. Lundberg^^, J. Lundberg"6a,i46b^ j_ Lundquist^^, M. Lungwitz^i, A. Lupii22a,i22b^ 
G. Lutz99, D. Lynn24, J. Lys", E. Lytken^^ H. Ma^^, L.L. Ma^^^ J.A. Macana Goia^^^ G. Maccarrone^^ 

A. Macchiolo^^, B. MaceF"*, J. Machado Migucnsi24a^ r. Mackeprang^^, R.J. Madarasi'^, W.F. Mader'^^, 
R. Maenner^sc, T. Maeno24, P. Mattig^^'*, S. Mattig'^\ L. Magnoni29, E. Magradze^"^ y. Mahalalel^^^^ 

K. Mahboubi^*, G. Mahout^^ C. Maianii32a,i32b^ q Maidantchik^^^, A. Maioi24a,6^ g Majewski^*, Y. Makida^^^, 
N. Makovec"^ P. Mal^, Pa. Malccki^^, P. Malecki'"'*^ , V.P. Malccvi2i, p. Malck^^ U. Mallik^^ D. Malon^ 

C. Malone"^, S. Maltezos'', V. Malyshev^"'^, S. Malyukov^^, R. Mameghani^^, J. Mamuzic^^'', A. Manabe^'^, 
L. Mandelli^^"*, I. Mandic^^, R. Mandryschi^, J. Maneira^^^'^, P.S. Mangeard^^, I.D. Manjavidze'^^, A. Mann^*, 
P.M. Manningi37^ ^ Manousakis-Katsikakis^, B. Mansoulie"^, A. Manz^^, A. Mapelli^^, L. Mapclli29, L. March 
J.F. Marchand^s, P. Marchese^^a.iasb^ q Marchiori'^^ M. Marcisovskyi25, A. Marin2i'*, CP. Marino6\ 

F. Marroquini23a^, R. Marshall^^ Z. MarshalP^, F.K. Martensl5^ S. Marti-Garcia^^'^, A.J. Martin^'^^ B. Martin29 

B. Martin8^ F.F. Martini20, J.R Martin^^^ Martin5^ T.A. Martin^'^, V.J. Martin'^^ B. Martin dit Latour'^^, 
S. Martin-Haughi"^^, M. Martinez", V. Martinez Outschoorn^'^, A.C. Martyniuk^^^ y[ Marx^^^ p^ Marzano^^^'', 

A. Marzin"\ L. Masetti*^\ T. Mashimo^'^^ R. Mashinistov'^'*, J. Masik^^ A.L. Maslonnikov^o^, I. Massa^^^'i^'", 

G. Massarol°^ N. Massol^, P. Mastrandreai32a,i32b^ Mastroberardino^S'^'Seb^ rj. Masubuchi^^s^ jyj^ Mathes^o, 

P. Matricon"^ H. Matsumoto^^^, H. Matsunagal5^ T. Matsushita'''^, C. Mattravers"^'^ J.M. Maugain^", 
S.J. Maxfield'^3^ p ^ Maximov^o'^, E.N. May^ A. Mayne^^g^ Mazini^^i, M. Mazur2", M. Mazzanti**^^, 

E. Mazzonii22a,i22b^ Q p Kee^"^, A. McCarni^s, R.L. McCarthy^^s, T.G. McCarthy28, N.A. McCubbin^^s, 
K.W. McFarlane5^ J.A. Mcfayden"9, H. McGlone5^ G. MchedUdze^i, R.A. McLaren^^, T. Mclaughlan^^ 
S.J. A/[cMahoni29, R.A. McPhersoni69.fe, A. MeadcS^, J. Mechnichio^^ M. Mechtcli^^^ M. Medinnis^i, 

R. Mccra-Lcbbaii", T. Mcguro"^ R. Mehdiyev^^^ S. Mchlhase^^, A. Mehta^^ K. Moicr^^^, J. Mcinhardt"^^, 

B. Mcirosc^^, C. Mclachrinos^o, B.R. McUado Garciai^2^ l Mcndoza Navasi62^ 2. Mcngi^i'*, A. McngarclUi^'^'isb^ 
S. Menke9^ C. Menot^^, E. Meoni", K.M. Mercurio", P. Mermod"^ L. Merolai°2a,i02b^ q Meroni^s^, 

F. S. Merritt^o, A. Messina^^, J. Metcalfe^o^, A.S. Mete^^, S. Meuser20, C. Meyer^i, J-P. Meyer^^^ J. Meyer^^^^ 
J. Meyer^*, T.C. Meycr29, W.T. Mcyer^^, J. Miao32d, S. MichaP^, L. Micu2-'^'\ R.P. Middletoni29, p. Micle^^, 
S. Migas^3^ L. Mijovic'^\ G. Mikenberg^^i, M. Mikestikova^^s^ ^ Mikuz^^^ D MiUer^o, R.J. MiUer^s, 

W.J. Millsi<58^ c MiUs^^ A. Milov^^S D.A. Milstead"*''*'!^*''', D. Milstein^^i, A.A. Minaenko^^s^ jyj Mihano^^^, 

LA. Minashvili^s, A.I. Mince^l°^ B. Mindur^^, M. Minccv'^s^ Y. Ming^^o, L.M. Mir", G. Mirabellii32a^ 

L. Miralles Verge", A. Misiejuk^^^ Mitrevski^^^^ G.Y. Mitrofanov^^s, V.A. Mitsoui'^^, S. Mitsui*^^, 

P.S. Miyagawal3^ K. Miyazaki^^, J.U. Mjornmark^^ T. Moa"<5a,i46b^ p Mockettl3^ S. Moed^^, V. Moeher^^, 

K. M6nig4i, N. M6scr20, S. Mohapatra"^ W. Mohr^^, S. Mohrdicck-M5ck■'^ A.M. Moisseevi28.*, R. Moles- Valls^ 

J. Molina-Pcrcz29, J. Monk^^ E. Monnier*^^^ S. Montcsano^''"'^''^'"', F. Monticclli^", S. Monzanii^^'i^^^, R.W. Moore 

G. F. Moorhcad^^ C. Mora Herrera^^ A. Moracs'", N. Morangci^e, J. Morel'"^'', G. MorcUo^e^'^eb^ ^ Moreno^\ 
M. Moreno Llacer^^^, P. Morettini^'^'', M. Morii^^, J. Morin'^^, Y. Morita'^^, A.K. Morley^^, G. Mornacchi29, 
S.V. Morozov'^^ J.D. Morris^^^ L. Morvaji°\ H.G. Moser^^, M. Mosidze^i, J. Mosslo^ R. Mount"^^ 

E. Mountricha"6, S.V. Mouraviev^", E.J.W. Moyse^^, M. Mudrinici2b^ p. Mueller^s^, J. Mucllcri^-^ K. Mucllcr2", 
T.A. MiiUcr^s, D. Muenstermann^^, A. Muir^^s, Y. Munwesl^^ W.J. Murray^^s, I. Mussche^°^ E. Mustoi°2a,i02b 
A.G. Myagkovi28^ ^ Myska^^s, J. Nadal", K. Nagaii^", K. Nagano^^, Y. Nagasaka^o, A.M. Nairz^^, 

Y. Nakahania29, K. Nakamurai-'^s^ I. Nakano"", G. Nanava2", A. Napicri^i, M. Nash^'^''=, N.R. Nation2i, 

T. Natterniann20, T. Naumann^i, G. Navarroi62, H.A. Neal^^ E. Nebot^o, P.Yu. Nechaeva^"^ a. Negri"^^'"^'', 

G. Negri^s, S. Nektarijevic^^ A. Nelson^^, S. Nelsoni^^^ T.K. Nelson^^s, s. Nemecek^^s, R Nemethylo^ 

A.A. Nepomuccno23a^ M. Ncssi2'5''", S.Y. Nestcrovi2i, M.S. Ncubaucri^s, A. NeusiedlS\ R.M. Ncvcs^o^ P. Nevski 

P.R. Ncwman^^, V. Nguyen Thi Hong^^'^, R.B. Nickcrson"^, R. Nicolaidou"'', L. Nicolas"^, B. Nicquevert^^, 

F. Nicdcrcorn"^^ J. Niclscni^''^, T. Niinikoski29, N. Nikiforou'''*, A. Nikiforovl^ V. Nikolaenko^^s, K. Nikolaev^s, 
I. NikoUc-Audit^s^ K. Nikoncs'*^ K. Nikolopoulos^^, H. Nilsen^^, P. Nilsson^ Y. Ninomiya A. Nisati^32a^ 

T. Nishiyama'^'', R. Nisius^^, L. Nodulman^, M. Nomachi"^, i. Nomidis^^'', M. Nordberg29, B. Nordkvist"*''''"*'^, 
P.R. Nortoni29, J. Novakovai26^ M. Nozaki^^ M. Nozicka''\ L. Nozka"^ I.M. Nugcnti^^'^, A.-E. Nuncio-Quiroz^o 

G. Nunes HanningerSe, T. Nunnemann^s, E. Nurse^^ T. Nyman29, B.J. O'Brien^s, S.W. CNeale^^'*, 

D. C. 0'Neili42^ V. O'Shea^s, F.G. Oakham^S'^, H. OberlackS^, J. Ocariz^s^ A. Ochi^^ S. Oda^ss, S. Odaka^e, 
J. Odier«3^ H. Ogren^i, A. Oh82, g jj Qh^^, C.C. Ohm"Ba,i46b^ rp Qhshiniai"!, H. Ohshitai^o^ T.K. Ohska6^ 
T. Ohsugi^s, S. Okada^^, H. Okawai^s, Y. Okumuraioi, T. Okuyamal5^ M. Olcese^o^, A.G. Olchevski^s, 

M. Ohveira^^^'^'', D. Oliveira Damazio^^, E. Oliver Garcia^*'^, D. Ohvito^^^, A. Olszewski's, J. Olszowska'^, 

C. Omachi^^, A. Onofrci24a,i'^ P.U.E. Onyisi'o, C.J. Orami^^^, M.J. Oreglia'o, Y. Orcni^'^ D. Orcstano"4aa34b^ 
I. Orlov^o^ C. Oropeza Barrera^'^ R.S. Orr^^s, B. Osculati^O'^'^o*', R. Ospanov^^o, C. Osuna", G. Otero y Garzon 
J.P Ottersbach^os, M. Ouchrifi'sd, p. Ould-Saada"^, A. Ouraou^^e^ q Ouyang32'*, Owen82, g Owen^'s, 



12 



V.E. Ozcanisa^ N. OzturF, A. Pacheco Pages", C. Padilla Aranda", S. Pagan Griso", E. Paganis"^, F. Paige^^, 
K. Pajchcl"^, G. Palacinoi59b, C.P. Palcari^ S. Palcstini^s, D. Pallin^s, A. Palmai24a,''^ j.d. Palmcri^, 
Y.B. Pan^^^ E. Panagiotopoulou^ B. Pancs'''i'^ N. Panikashvili^^ S. Panitkin^^, D. Pantea^^^, M. Panuskova^^s^ 
V. Paolone^^^^ a. Papadelis^e^^ xh.D. PapadopouW, A. Paramonov^, W. Park^".*", M.A. Parker^^, 

F. Parodi^O'^'^o'^, J.A. Parsons^^, U. Parzefall^^, E. Pasqualucci^^^a^ Passerii34a^ p. Pastorei34a,i34b^ p^. Pastore''*^, 

G. Pasztor 49^^, S. Pataraia^^^^ N. Patel^^o, J.R. Pater^^, S. Patricellii°2a,i02b^ rp pauiy29^ Pccsyi'''*% 

M.I. Pedraza Morales^'^^^ g y Peleganchuki°^, H. Peng^^b, R. Pengo^^, A. Penson^", J. Penwell'^\ M. Perantoni^^a, 
K. Peiez^^'y, T. Perez Cavalcanti^S E. Perez Codina", M.T. Perez Garcia-Estan^^'^, V. Perez Reale^^, 
L. Perini^^'^'*^^, H. Pernegger^^, R. Perrino'^^'", P. Perrodo"*, S. Pcrsembe^'", V.D. Peshekhonov''^, B.A. Petersen^^, 
J. Petersen29, T.G. Petcrscn-'^l E. Petit^^^ a. Petridisi^"*, C. Petridoui^"*, E. Petrolo"2a^ p. Petrucci"4a434b^ 

D. PetschuU^S M. Pettcni"2^ R. Pezoa^i^, A. Phan«^ A.W. Phillips^^, P.W. Phillips^^g^ q Piacquadio^^, 

E. Piccaro■^^ M. Piccininii^^'i^*^, A. Pickford^^ S.M. Piec^i, R. Piegaia^^, J.E. Pilcher^o, A.D. Pilkington^^, 
J. Pinai24a,&^ M. Pinaniontii64a,i64c^ ^ Pindcr"^, J.L. Pinfold^, J. Ping32<=, B. Pintoi24a.!>^ q. Pirotte^^, 

C. Pizio*^^^^^^'', R. Placakyte"*!, M. Plamondoni^s, W.G. Plano*^ M.-A. Pleier24, A.V. Plcskachi^s, A. Poblaguev^^, 
S. PoddarSS'^, F. Podlyski^a, L. Poggioli"^ T. Poghosyan^o, M. Pohl49, F. Polci^^^ G. Polesello"^'', 

A. Policicchio^^s^ ^ Polinii^'^, J. Polf^ V. Polychronakos^^, D.M. Pomarede^^e^ p, Pomeroy^^, K. Pommes^^, 

L. Pontecorvoi32a^ g q popgSS^ q Popeneciu^^'", D.S. Popovic^^a^ ^ Poppleton^s, X. Portoll Bucso2^ 

R. Porteri63, c. Posch^i, G.E. Pospelov^^, S. Pospisili^^, PN. Potrap^^, C.J. Potter^s, G.T. Potter"4, 

G. Poulard^", J. Poveda^^^^ R. Prabhu^'^, P. Pralavorio^^^ g Prasad^^, R. Pravahan^, S. Prell^^, K. Pretzl^s, 

L. Pribyl29, D. Pricc^i, L.E. Price^ M.J. Pricc^^, P.M. Prichard'^^ D. Pricuri^^^ M. Primavera'^^a^ Prokofiev^^*, 

F. Prokoshin^^'^, S. Protopopcscu^^, J. Proudfoot^, X. Prudent4'^, H. Przysiezniak4, S. Psoroulas^", E. Ptacek^^4^ 

E. Pueschel8^ J. Purdham^^ M. Purohit^^'"', P. Puzo"^ Y. Pylypchenko"^, J. Qian^^, Z. Qian^a, Z. Qin4i, 

A. Quadt'^'*, D.R. Quarriei4, W.B. Quayle^^^^ F. Quinonez^i'^, M. Raasi04^ y. Radescu^sb^ p. Radios^", T. Rador^^*, 

F. Ragusa*^^^^^^'', G. Rahal^^^ A.M. Rahimii^s^ D. Rahm24, S. Rajagopalan24, M. Ranimcnscc4s, M. Rammes"!, 
M. Ramstedt 146a, 146b ^ ^ g Randlc-Condc^^, K. Randrianarivony^^, P.N. Ratoff^\ F. Rauschcr»«, E. Rautcr^^ 
M. Raymond29, A.L. Read"^ D.M. RebuzziHS'^'H^b^ a. Redelbach"^ G. Redlinger24, R. Reece^^o^ Reeves^o, 
A. Reichold^o^, E. Reinherz-Aronis^^^^ A. Reinsch"4^ p Reisinger42, D. Reljic^^a^ q Rembser^^, Z.L. Ren^si, 

A. Renaud"^ P. Renkel^^, M. Rescignoi32a^ g_ Resconi^*^^, B. Rcscndc^^s^ p_ Rcznicck^^ R. Rczvanii'"^^, 
A. Richards^^ R. Richter^^, E. Richter-Was4'^ M. RideF^^ S. Rieke^S M. Rypstra^o^, M. Rijssenbeek^s, 

A. Rimoldi^i^^'ii^^, L. Rinaldi^^a^ Rios^s, I. Rm^\ G. Rivoltella^''*'^^'', F. Rizatdinova^i^^ E. Rizvi^^ 

S.H. Robcrtson^^^'', A. Robichaud-Veronneau'''', D. Robinson^"^, J.E.M. Robinson'^'^, M. Robinsoiiii4^ a. Robson^^, 
J.G. Rocha dc Li^lal°^ C. Rodai22a,i22b^ q_ j^^jg^ j^^g Santos^^, S. Rodier^o, D. Rodriguezi62, A. Roe54^ g_ ^^^29^ 
O. R0hnc"^ V. RojoS S. Rolli^^S A. Romaniouk9^ V.M. Romanov*5^ G. Romeo^^, L. Roos^^ E. Ros^^'^, 
S. Rosatii32aa32b^ Rosbach49, A. Rosens, M. Rose^^ G.A. Rosenbaumi^^, E.I. Rosenberg64, P.P. Rosendahl^^, 

0. Roscnthali4i, p. Rossclct49, V. Rossctti", E. Rossii32a,i32b^ L P RossiSOa, P. RossiSS'^'SSb^ M. Rotaru^S'^, 

1. Roth^^i, J. Rothbcrgi^s, D. Roussoa^l"^ C.R. Royoni^e^ A. Rozanov«'\ Y. Rozcn^''^^ X. Ruan"^ I. Rubinskiy^\ 

B. Ruckert^s, N. Ruckstuhl^os, V.I. Rud^^ C. Rudolph43, G. Rudolph62, p p Ruggierii34a,i34b^ 

A. Ruiz-Martinez^4^ p^ Rulikowska-Zarebska^'', V. Rumiantsev^^'*, L. Rumyantsev^^, K. Runge^^, O. Runolfsson^°, 
Z. Rurikova4s, N.A. Rusakovich^^ D.R. Rust^i, J.P. Rutherfoord^ C. Ruwiedel", P. Ruzicka^^s^ y.F. Ryabov^^i^ 
V. Ryadovikov^^s, P. Ryan^s, M. Rybar^^e, Q. Rybkin"^, N.C. Ryder"^, S. Rzaeva^^, A.F. Saavedra^^o, 
I. Sadehi53^ H.F-W. Sadrozinskii37, R. Sadykov6^ F. Safai Tehranii32a,i32b^ jj Sakamotol5^ G. Salamanna^^ 
A. Salanioiii33a^ m. Salccm"i, D. Salihagic9^ A. Salnikov"3^ j. Salt^^^^, B.M. Salvachua Fcrrando^ 

D. Salvatore36a.36b^ p Salvatore"9, A. Salvuccii"4, A. Salzburger29, D. Sainpsonidisi54^ p jj Samsct"^ 

A. Sanchezi02a,i02b^ jj gandaker^^, H.G. Sander^i, M.P. Sanders9^ M. Sandhoffi^^^ gandovaP^, C. Sandoval 

R. Sandstroem99, S. Sandvossi^4^ D.P.C. Sankcyi29, A. Sansoni47, C. Santamarina Rios*^^ C. Santonins, 

R. Santonicoi33a,i33b^ jj Santosi24a^ j.G. Saraivai24a,&^ p. Sarangi"2^ g Sarkisyan-Grinbaum^, F. Sarrii22a,i22b^ 

G. Sartisohni^4^ q Sasaki^'^, p. Sasaki*^'^, N. Sasao^^^^ j gatsounkcvitch^", G. Sauvage"*, E. Sauvan4, J.B. Sauvan"^, 
P. Savardi58.«, V. Savinov^^s, p.O. Savu^^, P. Savva ^ L. Sawyer24.'", D.H. Saxon^s, P.P. Says^^, G. Sbarra^^^'^^'^, 
A. Sbrizzii9^'i9i^, O. Scallon^^, D.A. Scannicchioi^^^ J. Schaarschmidt"^, P. Schacht^^^ U. Schafer^i, S. Schaepe^o, 
S. Schaetzcl^sb^ Schaffer"^^ D. Schaile9^ R.D. Schambcrgcri48, A.G. Schamovi"^ V. Scharf^s^, 

V.A. Schegelskyi2\ D. ScheirichS^, M. Schernaui^^^ M.I. Scherzer", C. Schiavi^O'^'SOb^ j. Schieck^^, 
M. Schioppa36a.36b^ g gchlenker^s, J.L. Schlereth^, E. Schmidt^*, K. Schmieden^o, C. Schmitt^S S. Schmitt^^'', 
M. Schniitz20, A. Schoning'^sb^ Schott^^, D. Schoutcn"2^ j. Schovancovai25, M. Schram^^ G. Schrocdcr^i, 
N. Schroer58'=, S. Schuh29, G. Schuler29, J. Schultes"*^ H.-C. Schultz-Coulon^S'^, H. Schulzi^, J.W. Schumacher^o, 
M. Schumacher^*, B.A. Schumm^^'^, Ph. Schune^^^, C. Schwanenberger*2^ A. Schwartzman^^s^ pjj SchwemUng'^*, 
R. Schwienhorstss, R. Schwicrz43, J. Schwindlingi^e, p. Schwindt20, G. Sciolla22, W.G. Scotti29, J. Searcy"^, 

E. Sedykhi2i, E. Segura", S.G. Seidel^o^, A. Seiden"7, p. Seifert^^^ J.M. Seixas^^^, G. Sekhniaidze^o^a^ 

D.M. Seliverstov^^i^ p Sellden^^a^ G. Sellers^^^ M. Semani44b^ n. Semprini-Cesarii^'^'isb, C. Serfon^*, p. Serin^is, 



13 



R. Seustcr99, H. Severinii", M.E. Sevior^e, A. Sfyrla^^, E. Shabalina^^^ M. Shamini"4, L.Y. Shan-''^^, J.T. Shank^i, 

Q.T. Shao^^ M. Shapiro^^, RB. Shatalov^^^ L. Shaver^, K. Shawi64a,i64c^ p shcrmani^^^ P. Shcrwood^^ 

A. Shibatai"^ H. Shichii"\ S. Shimizu^", M. Shimojimai™, T. Shin^e, A. Shmclova^^ M.J. Shochct^o, D. Short"^^ 

M.A. Shupe^ P. Sichoi25, A. Sidotii32a,i32b^ a. Siebeli^"^ p Siegert^^^ J. Siegristl^ Dj. Sijackii^^, o. Silberti^i, 

J. Silvai24a,ft^ Y. Silveri53, D. Silverstein"^, S.B. Silverstein^^a^ y Simaki27, o. Simard^^e, Lj. Simic^^a, 

S. Simion"^ B. Simmons^^ M. Simonyan^^ P. Sincrvol5^ N.B. Sineyi"^ y. Sipica^^i, G. Siragusa^^^ A. Sircar^^, 

A. N. Sisakyan65, S.Yu. Sivoklokov^^ J. Sjolini^Sa.web^ ^.B. Sjurseni^, L.A. Skinnari", K. Skovpenio^ P. Skubic"i, 
N. Skvorodnev22, M. Slater^^, T. Slavicek^^^, k. Sliwa^*^!, T.J. Sloan^i, J. Sloper^s, V. Smakhtini^S 

S.Yu. Smirnov^s, L.N. Smirnova^^ O. Smirnova™, B.C. Smith"", D. Sniith"^^ K.M. Smith■■^^ M. Smizanska^\ 

K. Sinoleki27, A.A. Snesarev^^, S.W. Snow^^ J. Snow^S J. Snuverinkio^, S. Snyder^^, M. Soaresi24a^ r. Sobiei^s.*^, 

J. Sodomkai^T^ a. Sofferi^s, c.A. Solans^^^, M. Solar^^^, j. Solc^^^, E. Soldatov9^ U. Soldevila^e^, 

E. Solfaroli Camilloccii32a,i32b^ A.A. Solodkoyi^s, Q.V. Solovyanoyi^s, J. Sondericker^^, N. Soni^, V. Sopko^^?^ 

B. Sopkoi27^ M. Sorbi89^'89b^ Sosebee^ A. Soukhareyio^ S. Spagnolo72a,72b^ Spano^^ R. Spighii^^, 
G. Spigots, F. Spila"2a,i32b^ Spiriti"4a^ Spiwoks^^, M. Spoustai^e^ T. Sprcitzcrl5^ B. Spurlock^ 
R.D. St. Denis^^^ T. Stahl^i, J. Stahlmani^o, R. Stamen^S'^, E. Stanecka^^, R.W. Stanek^, C. Stanescu^^^a, 
S. Stapnes"^, E.A. Starchenkoi^s, J. Stark^^^ P. Staroba^^s, P. Starovoitov^i, A. Staude^^, P. Stavina""^^, 

G. Stavropoulosl^ G. Stccle^^^ P. Steinbach^^^ P. Steinberg^^. I. Stckli^^, B. Stelzer^^^^ H.J. Stelzer^^, 

0. Stelzer-Chiltoni59a^ H. Stenzel^^, K. Stevenson^^^ G.A. Stewart^^, J.A. Stillings^o, T. Stockmanns^o, 
M.C. Stockton^s, K. Stoerig^s, G. Stoicea^^^, S. Stonjek^^, P. Strachota^^e^ ^.R. Stradling^ A. Straessner*^^ 
J. Strandbcrg"^ S. Strandbcrgi46a,i46b^ ^ Strandlie"^ M. Strangl"^ E. Strauss"^^ M. Strauss"!, 

P. Strizenec"4b^ r Strohmeri^^^ ^ Strom"*, J.A. Strong^^,*^ r_ Stroynowski^^, J. Strubc^^a, B. Stugu^^, 

1. Stumer24'*, J. Stupak"^, P. Sturm^^*, D.A. Sohi^L'-, D. Su"^, HS. Subramania^, A. Succurro", Y. Sugaya"^ 
T. Sugimotoi"!, C. Suhr^o^ K. Suita^^, M. Suk^^e^ V.V. Sulin^*, S. Sultansoy^^, T. Sumida^'', X. Sun-^'\ 

J.E. Sundcrmann^s, K. Surulizi^a, S. Sushkov", G. Susinno^e^'^eb^ Sutton^s. Y. Suzuki^'^. Y. Suzuki^'^ 

M. Svatosi25, Yu.M. Sviridoyi^s, S. Swcdishl6^ I. Sykora"*^^ t. Sykorai^e, B. Szclcss^'', J. Sanchez^", D. Tal°^ 
K. Tackmann'^i, A. Taffard^^^^ r_ Xafirouti^^^, N. Taiblumi^s, Y. Takahashi^oi, H. Takai^*, R. Takashima''^, 

H. Takeda'^^ T. Takeshita^^, M. Talby^^, A. Talyshey^o^ M.C. Tamsett^*, J. Tanakai^^^ R. Tanaka"^ 

S. Tanakai3i, S. Tanaka^^, Y. Tanaka^oo, K. Tani^^, N. Tannoury^a, G.P. Tappern^^, S. TapproggeS\ D. Tardif^^^, 

S. Taremi52, p. Tarrade^^, G.F. Tartarelli^^'*, P. Tas^^e, M. Taseyskyi25^ E. Tassi^^^^'^eb^ ^ Tatarkhanov", 

Y. Tayalatii35d^ q Taylor^'', F.E. Taylor^^, G.N. Taylor^e, W. Taylori^^^, M. Teinturier"^, 

M. Tcixcira Bias Castanhcira'^^ P. Teixeira-Dias'^^^ K.K. Tcmming''^ H. Ten Katc29, P.K. Tcngi^i, S. Terada'^^, 

K. Terashii55, j. Terron^^, M. Terworf^^-P, M. Testa'*'^, R.J. Teuscheri^S''', J. Thadome^^'', J. Therhaag20, 

T. Theveneaux-Pelzer'^^, M. Thioye^'^^, S. Thoma*^, J.P. Thomas^'^, E.N. Thompson^*, P.D. Thompsoni^, 

P.D. Thompson^^^ A.S. Thompson^^ E. Thomson^^o^ Thomson27, R.P. Thim^^^, F. Tian^*, T. Tici25, 

V.O. Tikhomiroy'''*, Y.A. Tikhonoyio^ C.J.W.P. Timmermansi"*, P. Tiptonl^^ F.J. Tiquc Aires Viegas29, 

S. Tisserant^^ J. Tobias*^ B. Toczek^'^, T. Todoroy'', S. Todorova-Noya^^S B. Toggerson^^^ J. Tojo^^ 

S. Tokari44a^ k. Tokunaga^^, K. Tokushuku^'^ , K. ToUefson^s, M. Tomotoi°\ L. Tompkins", K. Toms^^^, 

G. Tong32a, A. Tonoyani3, C. Topfel^^, N.D. Topilin^^, I. Torchiani^^, E. Torrence^", H. Torres^^, E. Torro 

Pastori67^ J. Toth83.^, F. Touchard^^ D.R. Toyey"^, D. Traynor'^^ T. Trefzgeri'^^ L. Tremblet^^, A. Tricoli^^, 

I. M. Trigger^^^'', S. Trincaz-Duvoid^^, T.N. Trinh^^, M.F. Tripiana™, W. Trischuk^^^, A. Trivedi^''''", B. Trocme5^ 

C. Troncon^^'', M. Trottier-McDonald"^, A. Trzupek^^, C. Tsarouchas^'^, J.C-L. Tseng"^, M. Tsiakiris^°^, 

P.V. Tsiareshka^o, D. Tsionou'', G. Tsipolitis^, V. Tsiskaridze''*^, E.G. Tskhadadzc^^, I.I. Tsukerman9^ V. Tsulaia", 
J.-W. Tsung20, S. Tsuno''^ D. Tsybychev"^ A. Tua^^a, J.M. Tuggle^o, M. Turala^^, D. Tureceki27, J. Turk Cakir^^ 

E. Turlayl°^ R. Turra^^^''^^'', P.M. Tuts^*, A. Tykhonov^*, M. Tylmad"^'^'"*^'', M. Tyndel^^g^ jj Tyrvainen^^, 

G. Tzanakos^, K. Uchida2", I. Ueda^^^^ R. Ueno^^, M. Ugland", M. Uhlcnbrock20, M. Uhrmacher^*^ F. Ukegawa^eo, 
G. Unal29, D.G. Underwood'^ A. Undrus24, G. Uneli^s^ Y. Unno^^, D. Urbaniec^*, E. Urkoyskyi^s, p. Urrejola^i'^, 

G. Usai^, M. Uslenghi"9^^"9'^, L. Vacavant^s, V. Vaceki27^ b. Vachon^^^ S. Vahsen", J. Valenta^^s, R Valente^^^'^, 
S. Valentinettii9a,i9b^ g_ Valkari26^ ^ Valladolid Gallego^s^, s. Vallecorsai^^^ J.A. Vails Ferreri67, 

H. yan der Graaf^°^, E. van der Kraaij^°^, R. Van Der Leeuw^°^, E. yan der Poel^°^, D. yan der Ster29, 
B. Van Eijk^os^ N. van Eldik^", P. van Gemmeren^, Z. van Kestcreni°5^ I. van Vulpen^o^ W. Vandelli^^, 

G. Vandoni29, A. Vaniachine^, P. Vankov^^, F. Vannucci^*, F. Varela Rodriguez^^, R. Vari^^2a^ p Varouchas", 
A. Vartapetian^, K.E. Varvell^^o, V.I. Vassilakopoulos^^^, F. Vazeille^^, G. Vegni^^^'^sb, j.j. Veillet"^ C. Vellidis^, 

F. Velosoi24a^ R. Vencss29, S. Venezianoi32a^ ^ Y^j^|-^j.j^72a,72b^ p Ventura^^s, M. Venturi^^, N. Venturi^^, 

V. Vercesi"^^, M. Verduccii^s, W. Verkcrkei°5, J.C. Vermeuleni°5^ A. Vest'*^, M.C. Vetterli"2.e^ i. Viclloul'^^ 

T. Vickey^^*''"", O.E. Vickey Boeriu^'^s'', G.H.A. Viehhauser"^ S. Viel^^^, M. Villa^^^'^^b^ Villaplana Perez^^"^, 

E. Vilucchi^^ M.G. Vincter28, E. Vinek29, V.B. Vinogradoy^^^ M. Virchauxi^e,*, J. Virzi", O. Vitells^i, M. Viti^S 

I. Vivarelli'*^ F. Vivas Vaque^, S. Vlachos^ M. Vlasaki27, N. Vlasov^o, A. VogeP", P. Vokac^^^, G. Volpi^^, 
M. Volpi«<5, G. Volpini^s*, H. von der Schmitt^^, J. von Loeben^^, H. von Radziewski^^, E. von Toerne^o, 



14 



V. Vorobcli26^ A.P. Vorobicvi28, V. Vorwerk", M. Vos^^'^, R. Voss^^, T.T. Vossi^l J.H. Vosscbcld^^ N. Vranjes^^a^ 

M. Vranjcs Milosavljcvici"^^ V. Vrba^^s, M. Vrcoswijklo^ T. Vu Anh^^, R. VuiUcrmct^^ , I. Vukotic"^^ 

W. Wagncri^^^ p Wagncri^o, H. Wahloni^^^ j Wakabayashiioi, J. Walborsloh*^ S. Walch*^^ J. Walder^\ 

R. Walker^s, W. Walkowiaki^i, R. Walll^^ P. Waller^^^ C. Wang^^, H. Wang^^^ H. Wang32b,ab, j. Wang^^i^ 

J. Wang32d, J.C. Wangles, R. Wang^o^ S.M. Wangi^i, A. Warburton^^^ C.R Ward^^, M. Warsinsky^^, 

P.M. Watkinsi^, A.T. Watson", M.F. Watson^^, G. Watts^^s, S. Watts^^ A.T. Waughi^o, B.M. Waugh^^, 

J. Weber42, M. Weber^^a, M.S. Weber^^, R Weber^^, A.R. Weidberg"^ P. Weigell^^ J. WeingartenS^, C. Weiser^s, 

H. Wellenstein22, RS. Wells^^, M. Wen*^, T. Wenaus^^, S. Wendler^^a, Z. Wengi^i.'-, T. Wengler^^, S. Wenig^^, 

N. Wcrmcs^", M. Wcrner^s, P. Werner^^, M. Wcrthi^s^ M. Wessels^^'^, C. Wcydcrf'^-\ K. Whalcn^s, 

S.J. Wheeler-Ellisi63, S.R Whitaker^i, A. White^ M.J. White^^^ S.R. Whitehead"^ D. Whitesoni^s, 

D. Whittington^i, F. Wicek^'^^, D. Wicke"*, F.J. Wickensl2^ W. Wiedenmanni^^ M. Wielers^^s, R. Wienemann^o, 

C. Wiglesworth''5, L.A.M. Wiik^s, P.A. Wijeratnc", A. Wildaueri67, M.A. Wildt^i'P, I. Wilhclmi^e^ 

H.G. Wilkens29, J.Z. WilP, E. Williams^*, H.H. Williamsi^o, W. Willis^^, S. Willocq***, J.A. Wilson^'', 

M.G. Wilsoni43^ A. Wilson^^ I. Wingerter-Seez", S. Winkel^lanIl4^ F. Winklnicicr^^, M. Wittgen"-\ 

M.W. Wolter^s, H. Woltersi24a,»^ w.C. Wong^o, G. Wooden"^, B.K. Wosiek^^, J. Wotschack^^, M.J. Woudstra^^, 

K. Wraight^s, C. Wright^^^ B. Wrona^^^ S.L. Wu"^^ X. Wu^^^ Y. Wu^^b.^^^ E. Wulf^*, R. Wunstorf'*^^ 

B. M. Wynne4^ L. Xaplanteris^ S. Xolla'^^ S. Xio4^ Y. Xie^^^ C. Xxi^^^-'"^, D. Xu"^ G. Xir'^^a^ ^ Yabsley^^^, 
S. Yacoob^'^5'^, M. Yamada^^, H. Yamaguchii^s, A. Yamamoto^'^, K. Yamamoto^^, S. Yamamotol5^ 

T. Yamamura^^^, T. Yamanaka^^^, J. Yamaoka^*, T. Yamazaki^^^, Y. Yamazaki^'^, Z. Yan^S H. YangS'^, 
U.K. Yang^^ Y. Yang^i, Y. Yang32a, Z. Yangi46a,i46b^ g Yanush'^i, Y. Yaoi^, Y. Yasu^^, G.V. Ybeles Smit^o, 
J. Ye39, S. Ye24, M. Yilmaz^'^, R. Yoosoofmiyai^s, K. Yoritai™, R. Yoshida^ C. Young"^^ S. Youssef^^, D. Yu^^, 
J. Yu^ J. Yu32<=^a'', L. Yuan32a:ae^ a. Yurkewicz"^ V.G. Zaets ^^s, R. Zaidan^^, A.M. Zaitscyi^s, Z. Zajacova^^, 
Yo.K. Zalitc 121^ L Zanclloi32a,i32b^ Zarzhitsky^^, A. Zaytseyio'', C. Zeitnitz"^^ M. Zellerl^^ M. Zemani25, 
A. Zcmla-''^ C. Zcndlcr2", O. Zcnini28^ T. Zenis^^a^ 2. Zcnonosi22a,i22b^ Zenz^^, D. Zerwas"^ 
G. Zcvi dclla Porta", Z. Zhan''2d, D. Zhang32b>a6^ h. Zhang^^ J. Zhang^ X. Zhang32d^ z. Zhang"^^ L. Zhao^o^, 
T. Zhaoi38, Z. Zhao32b, A. Zhemchugov^s, S. Zheng32a, j. Zhong^^i-'^/, B. Zhou^^, N. Zhou^''^, Y. Zhou^^i, 

C. G. Zhu32d, H. Zhu"!, J. Zhu^^ Y. Zhui^2^ x. Zhuang^^, V. Zhuravlov^^, D. Zieminska'^i, R. Zimmermann20, 
S. Zimmermann2'' , S. Zimmormann , M. Ziolkowski^^i, R. Zitoun^, L. Zivkovic^"*, V.V. Zmouchkoi28.*, 

G. Zobernigi72^ Zoccolii^^'i^*^, Y. Zolnierowski", A. Zsenei29, M. zur Nedden^^^ V. Zutshiio^, L. Zwalinski29. 



^ University at Albany, Albany NY, United States of America 

2 Department of Physics, University of Alberta, Edmonton AB, Canada 

^ ("^^ Department of Physics, Ankara University, Ankara; ^''^ Department of Physics, Dumlupinar University, Kutahya; 
^'^^ Department of Physics, Gazi University, Ankara; (''^Division of Physics, TOBB University of Economics and 

Technology, Ankara; Turkish Atomic Energy Authority, Ankara, Turkey 
^ LAPP, CNRS/1N2P3 and Universitc dc Savoic, Annccy-lc-Vicux, France 

^ High Energy Physics Division, Argonne National Laboratory, Argonnc IL, United States of America 
^ Department of Physics, University of Arizona, Tucson AZ, United States of America 

Department of Physics, The University of Texas at Arlington, Arlington TX, United States of America 
^ Physics Department, University of Athens, Athens, Greece 

^ Physics Department, National Technical University of Athens, Zografou, Greece 
Institute of Physics, Azerbaijan Academy of Sciences, Baku, Azerbaijan 

Institut dc Ffsica d'Altes Energies and Departament de Fisica de la Universitat Autonoma de Barcelona and 
ICREA, Barcelona, Spain 

12 ('^)lnstitute of Physics, University of Belgrade, Belgrade; ^''^Vinca Institute of Nuclear Sciences, Belgrade, Serbia 

Department for Physics and Technology, University of Bergen, Bergen, Norway 

Physics Division, Lawrence Berkeley National Laboratory and University of California, Berkeley CA, United 
States of America 

Department of Physics, Humboldt University, Berlin, Germany 

Albert Einstein Center for Fundamental Physics and Laboratory for High Energy Physics, University of Bern, 
Bern, Switzerland 

School of Physics and Astronomy, University of Birmingham, Birmingham, United Kingdom 

18 («) Department of Physics, Bogazici University, Istanbul; (''^ Division of Physics, Dogus University, Istanbul; 
'^^'^ Department of Physics Engineering, Gaziantep University, Gaziantep; ("^'Department of Physics, Istanbul 
Technical University, Istanbul, Turkey 

19 (")INFN Sezione di Bologna; (''^Dipartimento di Fisica, Universita di Bologna, Bologna, Italy 

20 Physikalisches Institut, University of Bonn, Bonn, Germany 

2^ Department of Physics, Boston University, Boston MA, United States of America 



15 



Department of Physics, Brandeis University, Waltham MA, United States of America 
23 (")Univcrsidade Federal do Rio De Janeiro COPPE/EE/IF, Rio de Janeiro; (''^Federal University of Juiz de Fora 
(UFJF), Juiz de Fora; Federal University of Sao Joao del Rei (UFSJ), Sao Joao del Rei; ("^^Instituto de Fisica, 
Universidade de Sao Paulo, Sao Paulo, Brazil 

Physics Department, Brookhaven National Laboratory, Upton NY, United States of America 
25 («)]\jational Institute of Physics and Nuclear Engineering, Bucharest; ^^^University Politehnica Bucharest, 
Bucharest; ^^^West University in Timisoara, Timisoara, Romania 

Departamento de Fisica, Universidad de Buenos Aires, Buenos Aires, Argentina 

Cavendish Laboratory, University of Cambridge, Cambridge, United Kingdom 

Department of Physics, Carleton University, Ottawa ON, Canada 
2« CERN, Geneva, Switzerland 

Enrico Fermi Institute, University of Chicago, Chicago IL, United States of America 

31 («) Departamento de Fisica, Pontificia Universidad Catolica de Chile, Santiago; Departamento de Ffsica, 
Universidad Tecnica Federico Santa Maria, Valparaiso, Chile 

32 (")lnstitute of High Energy Physics, Chinese Academy of Sciences, Beijing; ^^^Department of Modern Physics, 
University of Science and Technology of China, Anhui; ('^^ Department of Physics, Nanjing University, Jiangsu; 
(rf)High Energy Physics Group, Shandong University, Shandong, China 

Laboratoire de Physique Corpusculaire, Clermont Universite and Universite Blaise Pascal and CNRS/IN2P3, 
Aubiere Cedex, Prance 

Nevis Laboratory, Columbia University, Irvington NY, United States of America 

Niels Bohr Institute, University of Copenhagen, Kobenhavn, Denmark 
36 («)iNFN Gruppo Collegato di Cosenza; ^^^Dipartimento di Fisica, Universita della Calabria, Arcavata di Rende, 
Italy 

Faculty of Physics and Applied Computer Science, AGH-University of Science and Technology, Krakow, Poland 
■^^ The Henryk Niewodniczanski Institute of Nuclear Physics, Polish Academy of Sciences, Krakow, Poland 
Physics Department, Southern Methodist University, Dallas TX, United States of America 
Physics Department, University of Texas at Dallas, Richardson TX, United States of America 
DESY, Hamburg and Zeuthon, Germany 

Institut fiir Experimentelle Physik IV, Technische Universitat Dortmund, Dortmund, Germany 
Institut fiir Kern- und Teilchcnphysik, Technical University Dresden, Dresden, Germany 
Department of Physics, Duke University, Durham NC, United States of America 
SUPA - School of Physics and Astronomy, University of Edinburgh, Edinburgh, United Kingdom 
Fachhochschule Wiener Neustadt, Johannes Gutenbergstrasse 3, 2700 Wiener Neustadt, Austria 

'''' INFN Laboratori Nazionali di Frascati, Frascati, Italy 

Fakultat fiir Mathcmatik und Physik, Albcrt-Ludwigs-Universitat, Freiburg i.Br., Germany 
Section de Physique, Universite de Geneve, Geneva, Switzerland 

50 (a)!^^^ Sezione di Genova; ^''^Dipartimento di Fisica, Universita di Genova, Genova, Italy 

Institute of Physics and HEP Institute, Georgian Academy of Sciences and Tbilisi State University, Tbilisi, 

Georgia 

II Physikalisches Institut, Justus-Liebig-Universitat Giessen, Giessen, Germany 

SUPA - School of Physics and Astronomy, University of Glasgow, Glasgow, United Kingdom 

II Physikalisches Institut, Georg-August-Universitat, Gottingen, Germany 

Laboratoire de Physique Subatomique et de Cosmologie, Universite Joseph Fourier and CNRS/IN2P3 and 
Institut National Polytechnique de Grenoble, Grenoble, Prance 

Department of Physics, Hampton University, Hampton VA, United States of America 
^"^ Laboratory for Particle Physics and Cosmology, Harvard University, Cambridge MA, United States of America 
58 (")Kirchhoff-Institut fiir Physik, Ruprecht-Karls-Universitat Heidelberg, Heidelberg; ^''^ Physikalisches Institut, 
Ruprecht-Karls-Universitat Heidelberg, Heidelberg; ('^^ZITI Institut fiir technische Informatik, 
Ruprecht-Karls-Universitat Heidelberg, Mannheim, Germany 

Faculty of Science, Hiroshima University, Hiroshima, Japan 
^° Faculty of Applied Information Science, Hiroshima Institute of Technology, Hiroshima, Japan 

Department of Physics, Indiana University, Bloomington IN, United States of America 

Institut fiir Astro- und Teilchcnphysik, Lcopold-Franzens-Universitat, Innsbruck, Austria 

University of Iowa, Iowa City lA, United States of America 

Department of Physics and Astronomy, Iowa State University, Ames lA, United States of America 
Joint Institute for Nuclear Research, JINR Dubna, Dubna, Russia 
KEK, High Energy Accelerator Research Organization, Tsukuba, Japan 
Graduate School of Science, Kobe University, Kobe, Japan 



16 



Faculty of Science, Kyoto University, Kyoto, Japan 
Kyoto University of Education, Kyoto, Japan 

Instituto de Fisica La Plata, Univcrsidad Nacional de La Plata and CONICET, La Plata, Argentina 
"^^ Physics Department, Lancaster University, Lancaster, United Kingdom 
72 (a)i]\fF]\f Sezione di Lecce; ^''^Dipartimento di Fisica, Universita del Salento, Lecce, Italy 
^■^ Oliver Lodge Laboratory, University of Liverpool, Liverpool, United Kingdom 

Department of Physics, Jozef Stefan Institute and University of Ljubljana, Ljubljana, Slovenia 
''^ Department of Physics, Queen Mary University of London, London, United Kingdom 

Department of Physics, Royal Holloway University of London, Surrey, United Kingdom 
'^'^ Department of Physics and Astronomy, University College London, London, United Kingdom 
"^^ Laboratoire de Physique Nucleaire et de Hautes Energies, UPMC and Universite Paris-Diderot and 
CNRS/IN2P3, Paris, France 

Fysiska institutionen, Lunds universitet, Lund, Sweden 

Departamento de Fisica Teorica C-15, Universidad Autonoma de Madrid, Madrid, Spain 
Institut fiir Physik, Universitat Mainz, Mainz, Germany 

School of Physics and Astronomy, University of Manchester, Manchester, United Kingdom 
«3 CPPM, Aix-MarsciUe Universite and CNRS/IN2P3, Marseille, France 

Department of Physics, University of Massachusetts, Amherst MA, United States of America 

Department of Physics, McGill University, Montreal QC, Canada 
®^ School of Physics, University of Melbourne, Victoria, Australia 

Department of Physics, The University of Michigan, Ann Arbor MI, United States of America 

Department of Physics and Astronomy, Michigan State University, East Lansing MI, United States of America 
89 (°)lNFN Sezione di Milano; ^''^Dipartimento di Fisica, Universita di Milano, Milano, Italy 
^'^ B.I. Stepanov Institute of Physics, National Academy of Sciences of Belarus, Minsk, Republic of Belarus 
'■'^ National Scientific and Educational Centre for Particle and High Energy Physics, Minsk, Republic of Belarus 

Department of Physics, Massachusetts Institute of Technology, Cambridge MA, United States of America 

Group of Particle Physics, University of Montreal, Montreal QC, Canada 

P.N. Lebcdev Institute of Physics, Academy of Sciences, Moscow, Russia 

Institute for Theoretical and Experimental Physics (ITEP), Moscow, Russia 
^® Moscow Engineering and Physics Institute (MEPhI), Moscow, Russia 

Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University, Moscow, Russia 

Fakultat fiir Physik, Ludwig-Maximilians-Universitat Miinchen, Miinchen, Germany 

Max-Planck- Institut fiir Physik (Werner-Heisenberg-Institut), Miinchen, Germany 
^'^'^ Nagasaki Institute of Applied Science, Nagasaki, Japan 

Graduate School of Science, Nagoya University, Nagoya, Japan 
102 (a)i]\rF]sr Sezione di Napoli; '^'''Dipartimento di Scienze Fisiche, Universita di Napoli, Napoli, Italy 

Department of Physics and Astronomy, University of New Mexico, Albuquerque NM, United States of America 
Institute for Mathematics, Astrophysics and Particle Physics, Radboud University Nijmegen/Nikhef, Nijmegen, 
Netherlands 

105 Nijji^gf National Institute for Subatomic Physics and University of Amsterdam, Amsterdam, Netherlands 

Department of Physics, Northern Illinois University, DeKalb IL, United States of America 
^^"^ Budker Institute of Nuclear Physics (BINP), Novosibirsk, Russia 

Department of Physics, New York University, New York NY, United States of America 

Ohio State University, Columbus OH, United States of America 

Faculty of Science, Okayama University, Okayama, Japan 

Homer L. Dodge Department of Physics and Astronomy, University of Oklahoma. Norman OK, United States of 
America 

^^'^ Department of Physics, Oklahoma State University, Stillwater OK, United States of America 

Palacky University, RCPTM, Olomouc, Czech Repubhc 
^^'^ Center for High Energy Physics, University of Oregon, Eugene OR, United States of America 

LAL, Univ. Paris-Sud and CNRS/IN2P3, Orsay, France 

Graduate School of Science, Osaka University, Osaka, Japan 

Department of Physics, University of Oslo, Oslo, Norway 

Department of Physics, Oxford University, Oxford, United Kingdom 
119 ('')INFN Sezione di Pavia; ^^^Dipartimento di Fisica Nucleare e Teorica, Universita di Pavia, Pavia, Italy 

Department of Physics, University of Pennsylvania, Philadelphia PA, United States of America 

Petersburg Nuclear Physics Institute, Gatchina, Russia 
122 (o)iNFN Sezione di Pisa; ^^^Dipartimento di Fisica E. Fermi, Universita di Pisa, Pisa, Italy 



17 



Department of Physics and Astronomy, University of Pittsburgh, Pittsburgh PA, United States of America 
124 ('»)Laboratorio de Instrument acao e Fisica Experimental de Particulas - LIP, Lisboa, Portugal; '^''^Departamento 
de Fisica Teorica y del Cosmos and CAFPE, Universidad de Granada, Granada, Spain 

Institute of Physics, Academy of Sciences of the Czech Republic, Praha, Czech Republic 

Faculty of Mathematics and Physics, Charles University in Prague, Praha, Czech Republic 

Czech Technical University in Prague, Praha, Czech Republic 

State Research Center Institute for High Energy Physics, Protvino, Russia 

Particle Physics Department, Rutherford Appleton Laboratory, Didcot, United Kingdom 
130 pi^ysics Department, University of Regina, Regina SK, Canada 

Ritsumeikan University, Kusatsu, Shiga, Japan 
1-^2 (a)jNpN Sezione di Roma I; ^''^Dipartimento di Fisica, Universita La Sapienza, Roma, Italy 

133 (a)jp^pN Sezione di Roma Tor Vergata; ^''^Dipartimento di Fisica, Universita di Roma Tor Vergata, Roma, Italy 

134 (o)lNFN Sezione di Roma Tre; ^''^Dipartimento di Fisica, Universita Roma Tre, Roma, Italy 

135 (")Faculte des Sciences Ain Chock, Roseau Universitaire de Physique des Hautes Energies - Universite Hassan II, 
Casablanca; (''^Centre National de I'Energie des Sciences Techniques Nucleaires, Rabat; (°^Universite Cadi Ayyad, 
Faculte des sciences Semlalia Departement de Physique, B.P. 2390 Marrakech 40000; ^''^Faculte des Sciences, 
Universite Mohamed Premier and LPTPM, Oujda; ^^^Faculte des Sciences, Universite Mohammed V, Rabat, 
Morocco 

DSM/IRFU (Institut de Recherches sur les Lois Fondamentales de I'Univers), CEA Saclay (Commissariat a 

I'Energie Atomique), Gif-sur-Yvette, France 

Santa Cruz Institute for Particle Physics, University of California Santa Cruz, Santa Cruz CA, United States of 
America 

Department of Physics, University of Washington, Seattle WA, United States of America 

Department of Physics and Astronomy, University of Sheffield, Sheffield, United Kingdom 

Department of Physics, Shinshu University, Nagano, Japan 

Fachbereich Physik, Universitat Siegen, Siegen, Germany 

Department of Physics, Simon Eraser University, Burnaby BC, Canada 

SLAG National Accelerator Laboratory, Stanford CA, United States of America 

144 (o)pa,culty of Mathematics, Physics & Informatics, Comenius University, Bratislava; Department of Subnuclear 
Physics, Institute of Experimental Physics of the Slovak Academy of Sciences, Kosice, Slovak Republic 

145 (o)]3gpaj-|;]-|2gjj|; of Physics, University of Johannesburg, Johannesburg; School of Physics, University of the 
Witwatersrand, Johannesburg, South Africa 

146 («)Department of Physics, Stockholm University; (*^The Oskar Klein Centre, Stockholm, Sweden 

i^'i' Physics Department, Royal Institute of Technology, Stockholm, Sweden 

^'^^ Department of Physics and Astronomy, Stony Brook University, Stony Brook NY, United States of America 
Department of Physics and Astronomy, University of Sussex, Brighton, United Kingdom 
School of Physics, University of Sydney, Sydney, Australia 
Institute of Physics, Academia Sinica, Taipei, Taiwan 
Department of Physics. Tc;chnion: Israel Inst, of Technology, Haifa, Israel 

Raymond and Beverly Sackler School of Physics and Astronomy, Tel Aviv University, Tel Aviv, Israel 
Department of Physics, Aristotle University of Thessaloniki, Thessaloniki, Greece 

International Center for Elementary Particle Physics and Department of Physics, The University of Tokyo, 
Tokyo, Japan 

Graduate School of Science and Technology, Tokyo Metropolitan University, Tokyo, Japan 

^^'^ Department of Physics, Tokyo Institute of Technology, Tokyo, Japan 

Department of Physics, University of Toronto, Toronto ON, Canada 
159 (o)xRIUMF, Vancouver BC; Department of Physics and Astronomy, York University, Toronto ON, Canada 

Institute of Pure and Applied Sciences, University of Tsukuba, Ibaraki, Japan 

Science and Technology Center, Tufts University, Medford MA, United States of America 
^^'^ Centro de Investigaciones, Universidad Antonio Narino, Bogota, Colombia 

Department of Physics and Astronomy, University of California Irvine, Irvine CA, United States of America 
164 (a)iNFN Gruppo Collegato di Udine; (*)ICTP, Trieste; ('^^Dipartimento di Fisica, Universita di Udine, Udine, 
Italy 

Department of Physics, University of Illinois, Urbana IL, United States of America 
Department of Physics and Astronomy, University of Uppsala, Uppsala, Sweden 

Instituto de Ffsica Corpuscular (IFIC) and Departamento de Ffsica Atomica, Molecular y Nuclear and 
Departamento de Ingeniera Electronica and Instituto de Microelectronica de Barcelona (IMB-CNM), University of 
Valencia and CSIC, Valencia, Spain 



18 



Department of Physics, University of British Columbia, Vancouver BC, Canada 
Department of Physics and Astronomy, University of Victoria, Victoria BC, Canada 
Waseda University, Tokyo, Japan 

Department of Particle Physics, The Weizmann Institute of Science, Rehovot, Israel 
^'^^ Department of Physics, University of Wisconsin, Madison WI, United States of America 
^^•^ Fakultat fiir Physik und Astronomie, Julius-Maximilians-Univcrsitat, Wiirzburg, Germany 

Fachbereich C Physik, Bergische Universitat Wuppertal, Wuppertal, Germany 

Department of Physics, Yale University, New Haven CT, United States of America 
176 Yerevan Physics Institute, Yerevan, Armenia 

^'^^ Domaine scientifique de la Doua, Centre de Calcul CNRS/IN2P3, Villeurbanne Cedex, France 
" Also at Laboratorio de Instrument acao e Fisica Experimental de Particulas - LIP, Lisboa, Portugal 
^ Also at Faculdade de Ciencias and CFNUL, Univcrsidade de Lisboa, Lisboa, Portugal 
" Also at Particle Physics Department, Rutherford Appleton Laboratory, Didcot, United Kingdom 

Also at CPPM, Aix-Marseille Universite and CNRS/IN2P3, Marseille, Prance 

Also at TRIUMF, Vancouver BC, Canada 

Also at Department of Physics, California State University, Fresno CA, United States of America 
s Also at Faculty of Physics and Applied Computer Science, AGH-University of Science and Technology, Krakow, 
Poland 

Also at Fermilab, Batavia IL, United States of America 

* Also at Department of Physics, University of Coimbra, Coimbra, Portugal 
^ Also at Universita di Napoli Parthenope, Napoli, Italy 

Also at Institute of Particle Physics (IPP), Canada 
' Also at Department of Physics, Middle East Technical University, Ankara, Turkey 
™ Also at Louisiana Tech University, Ruston LA, United States of America 
" Also at Group of Particle Physics, University of Montreal, Montreal QC, Canada 
" Also at Institute of Physics, Azerbaijan Academy of Sciences, Baku, Azerbaijan 
P Also at Institut fiir Experimentalphysik, Universitat Hamburg, Hamburg, Germany 
' Also at Manhattan College, New York NY, United States of America 

Also at School of Physics and Engineering, Sun Yat-sen University, Guanzhou, China 

* Also at Academia Sinica Grid Computing, Institute of Physics, Academia Sinica, Taipei, Taiwan 

* Also at High Energy Physics Group, Shandong University, Shandong, China 
Also at Section de Physique, Universite de Geneve, Geneva, Switzerland 

" Also at Departamento de Fisica, Universidade de Minho, Braga, Portugal 

^ Also at Department of Physics and Astronomy, University of South Carolina, Columbia SC, United States of 

America 

^ Also at KFKI Research Institute for Particle and Nuclear Physics, Budapest, Hungary 
^ Also at California Institute of Technology, Pasadena CA, United States of America 
^ Also at Institute of Physics, Jagiellonian University, Krakow, Poland 
°° Also at Department of Physics, Oxford University, Oxford, United Kingdom 

Also at Institute of Physics, Academia Sinica, Taipei, Taiwan 
"'^ Also at Department of Physics, The University of Michigan, Ann Arbor MI, United States of America 
"'^ Also at DSM/IRFU (Institut de Rcchcrches sur les Lois Fondamentales de I'Univers), CEA Saclay (Commissariat 
a I'Energie Atomique), Gif-sur-Yvette, France 

Also at Labor atoire de Physique Nucleaire et de Hautes Energies, UPMC and Universite Paris-Diderot and 
CNRS/IN2P3, Paris, France 

"■^ Also at Department of Physics, Nanjing University, Jiangsu, China 

* Deceased 



